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Graphing calculator programs have been used on high-stakes tests and teachercreated assessments at the secondary and college level for many years. These programsare even used on college-placement tests such as the ACT. Beginning with the 2011-2012
school year, the Mississippi Department of Education (MDE) made the decision to no
longer allow the use of graphing calculator applications and/or programs on the Subject
Area Testing Program (SATP2) for Algebra I.
Currently, limited research exists to address the influence of graphing calculator
program use on high-stakes assessments. The programming capabilities of graphing
calculators should not be ignored. Because of the 2011-2012 graphing calculator policy
change, a unique opportunity exists in Mississippi to provide valuable information about
this issue. Gaining insight about how the use of graphing calculator programs has
affected assessment results in the past will give policy makers needed information for
creating equitable assessment policies in the future. This research used a causalcomparative research design to determine the influence of the MDE’s decision to no
longer allow the use of graphing calculator programs on Mississippi’s Algebra I SATP2.

The research questions consider the influence of the policy change with regards to three
groups: students, schools in general, and Title I schools in particular.
A chi-square test for association was used to examine the student-level data
associated with research questions one and two. This analysis examined students’ ability
to pass and their performance level on the Algebra I SATP2. The results for both of the
chi-square analyses indicated significant results. For research question three, a two-way
mixed ANOVA was used to examine the influence of the policy change on Title I
schools. For this analysis, Title I schools represent disadvantaged populations. The results
indicated no interaction between graphing calculator program use and type of school, but
did reveal a main effect for the school type.
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INTRODUCTION
Imagine a third-grade classroom. Anticipating the start of a timed multiplication
quiz, students sit at their desks with pencils in hand. For many, there exists a shared
expectation that calculators would not be allowed on such a quiz. Although few would
argue against such a restriction of calculator use, there are varied opinions on the
appropriateness of calculator use in general for third-grade classrooms.
In 1978, the National Council of Teachers of Mathematics (NCTM) released their
first official statement advocating the use of calculators in the classroom. Their position
did not support replacing student mastery of computation with calculators, but advocated
the use of calculators to promote students’ problem-solving skills, higher-order thinking,
and reasoning. According to their statement, calculators increased students’ interest in
mathematics (NCTM, 1980). For instance, in the example of the third-grade classroom
about to take a multiplication quiz, calculator use might be an appropriate and interesting
approach for these students to explore the patterns of multiplication through repeated
addition.
However, despite the NCTM’s support for calculator use, at the time researchers,
teachers, and parents were concerned that students would lose their ability to perform
simple arithmetic (Kiehl & Harper, 1979). This concern extended from elementary
students learning multiplication up to middle and high school students in advanced
1

mathematics courses. Ultimately, the concern regarding calculators in the classroom is
really an issue about a teacher’s ability to appropriately and effectively integrate
calculators in a way that enhances mathematics instruction.
Shulman’s (1986) research on pedagogical content knowledge provided a
framework for categorizing what teachers know about pedagogy, content, and
pedagogical content. This work was further expanded by Mishra and Koehler (2006) to
include a teacher’s understanding of incorporating technologies such as calculators and
his or her ability to evaluate the effectiveness of integration into instruction. This
framework, referred to as technological, pedagogical, and content knowledge (TPACK),
is important because technology is an integral part of education; educators need a
framework to consider the available technological options. By the 1990s, the options
being considered in the calculator debate were no longer about simple four-function
calculators or even scientific calculators, but calculators with graphing and programming
capabilities (Banks, 2011). Graphing calculators are powerful handheld calculators
capable of plotting graphs, solving simultaneous equations, and performing numerous
other tasks with variables.
Graphing calculators are primarily used in Algebra I courses and beyond (Dewey,
Singletary, & Kinzel, 2009; Milou, 1999). A primary benefit of incorporating graphing
calculators in these courses is that students are provided with advanced explorations of
functions. For example, students can develop a deeper conceptual understanding between
a function’s equation, graph, and table values (Burrill et al., 2002; Forster, Mueller,
Haimes, & Malone, 2003; Penglase & Arnold, 1996). The programming capabilities of
graphing calculators allow for the creation of programs that perform calculations. This
2

includes programs that calculate classic algebra problems, such as determining the slope
of a line or the distance between two points, factoring a trinomial, or using the
Pythagorean Theorem to determine the length of a side of a right triangle. Such programs
allow students to input a problem’s given numerical information while the calculator
computes the answer. An advantage to such programs is that students are able to solve
problems with accuracy and efficiency because they do not have to memorize formulas,
nor are they likely to make careless errors in computation. For clarity, an example of how
these programs are used is described next.

Figure 1.

Sample Algebra I SATP2 item.

Figure 1 is a sample question from a practice test for the Algebra I state
assessment in Mississippi. The item requires students to calculate the midpoint between
two given ordered pairs. To solve this problem by hand, students could use the midpoint
𝑥1 +𝑥2 𝑦1 +𝑦2

formula 𝑀𝑃 = (

2

,

2

) . A graphing calculator program is also available for

solving this problem. The program calculates the midpoint by first prompting the user for
X1, which corresponds with the x-value of the first ordered pair. Then, the user is asked
for Y1, which corresponds with the y-value of the first ordered pair. In a similar
procedure, the user is then prompted for X2 and Y2 of the second ordered pair. Finally,
3

the user presses enter and the calculator computes the midpoint. Without performing any
mathematical calculations, the student has the answer. This is just one of many graphing
calculator programs.
In a third-grade classroom where students are about to take a multiplication quiz,
most would agree that calculator use would not be appropriate because the calculator has
the capability to compute the exact skill being assessed. However, consider an Algebra I
high-stakes assessment. Algebra I students are required to master many concepts and
skills, some of which a graphing calculator program will compute. Can a student truly
demonstrate their mastery of such skills and concepts if a graphing calculator program is
performing the computations? Further, are test results valid given that only some students
may have access to such programs? Policy makers must ensure that the decision to use
powerful technological resources, such as graphing calculators, on high-stakes
assessments is equitable for all students.
The theoretical framework guiding this research considers the influence of the
TPACK framework on high stakes assessment (Mishra & Koehler, 2006). To further
examine the topic, this framework uses the TPACK for mathematics (Neisse et al., 2009)
and strategies for judicious technology use (Ball & Stacey, 2005) to define the
appropriate use of graphing calculator programs on high-stakes assessments. This
framework is discussed further in the literature review and in the conclusion.
Statement of the Problem
Graphing-calculator programs have been used to complete high-stakes tests as
well as teacher-created assessments at the secondary and college level for many years.
These programs are even used on college-placement tests such as the ACT. Usually
4

certain types of calculators are prohibited on these tests, but no restrictions are made
regarding the types of programs that can be loaded onto the calculators.
Beginning with the 2011-2012 school year, the Mississippi Department of
Education (MDE) made the decision to no longer allow the use of graphing calculator
applications and/or programs on the Subject Area Testing Program (SATP2) for Algebra
I. Students were still allowed to use graphing calculators on the SATP2 Algebra I
assessment. Only the programs were restricted. According to Cheshire (personal
communication, Spring 2013), the change was made because students were relying on the
programs to perform calculations. Cheshire worked for the MDE in the Office of Student
Assessment.
This research seeks to determine the influence of the MDE’s decision to no longer
allow the use of graphing calculator programs on Mississippi’s Algebra I SATP2. The
research questions consider the influence of the policy change on three groups: students,
schools in general, and Title I schools. Students are an important group to consider
because they must pass the Algebra I SATP2 to graduate from high school. The influence
of the policy change on schools in general is also important because the Algebra I SATP2
scores are part of Mississippi’s accountability model and are used to calculate a school’s
performance classification. Finally, Title I schools are considered in particular because
they represent students who are at risk of failing to meet state academic standards.
Considering this population is important because the MDE’s policy change may have had
a greater influence on this already-disadvantaged group.

5

Research Questions
The following questions will guide the study:
1.

After the MDE’s 2011-2012 graphing calculator program policy change,
did the percentage of students who passed the Mississippi Algebra I
SATP2 statistically significantly change?

2.

After the MDE’s 2011-2012 graphing calculator program policy change,
did schools in Mississippi have a statistically significant change in the
percentage of students performing at each of the four performance levels
(basic, minimal, proficient, advanced) on the Mississippi Algebra I
SATP2?

3.

After the MDE’s 2011-2012 graphing calculator program policy change,
did scores on the Mississippi Algebra I SATP2 change at a statistically
significant level in Title I schools?

Research Hypotheses
The research hypotheses are as follows:
1.

H0: The 2011-2012 calculator policy change did not significantly
influence the percentage of students in a district who passed the
Mississippi Algebra I SATP2.
H1: The 2011-2012 calculator policy change did significantly influence the
percentage of students in a district who passed the Mississippi Algebra I
SATP2.

6

2.

H0: There was no statistically significant change in the percentage of
students performing at each of the four performance levels (basic,
minimal, proficient, and advanced) on the Mississippi Algebra I SATP2
after the 2011-2012 calculator policy change.
H1: There was a statistically significant change in the percentage of
students performing at each of the four performance levels (basic,
minimal, proficient, and advanced) on the Mississippi Algebra I SATP2
after the 2011-2012 calculator policy change.

3.

H0: Title I schools in Mississippi did not have significantly significant
change for scores on the Mississippi Algebra I SATP2 after the 2011-2012
calculator policy change.
H1: Title I schools in Mississippi did have statistically significantly
change for scores on the Mississippi Algebra I SATP2 after the 2011-2012
calculator policy change.
Justification for Study

Mississippi is not the only state to make recent decisions restricting the use of
calculator programs. In 2014, the Kentucky Department of Education made the decision
to prohibit the use of graphing calculator programs on assessments that were used to
determine a student’s readiness for college-credit bearing courses. The research showed
that Zoom Math, a for-purchase software for Texas Instrument graphing calculator
programs, played a significant role in answering questions related to fractions,
simplifications, equivalent expressions, and equations (Kentucky Department of
Education, 2014).
7

About 1.8 million high school students take the ACT college-placement exam
yearly. The current calculator policy for the ACT restricts the type of calculator used to
complete the test but does not address programs or applications loaded on the calculators.
This is a concern because some available programs essentially turn an approved
calculator into a prohibited calculator. This issue is important because the ACT is a highstakes assessment that not only affects which college students are accepted to, but also
the amount of scholarship money they receive.
Currently, limited research exists to address the influence of the use of graphing
calculator programs on high-stakes assessments. The programming capabilities of
graphing calculators should not be ignored. Because of the 2011-2012 graphingcalculator policy change, a unique opportunity exists in Mississippi to provide valuable
information about this issue. Gaining insight into if the use of graphing calculator
programs has affected assessment results in the past will give policy makers needed
information for creating equitable assessment policies in the future.
Limitations
There were several factors that limit this research. First, no way existed to
determine how many students prior to the 2011-2012 school year actually used graphing
calculator programs on the Algebra I SATP2. The research design of this dissertation
accepts this limitation to the research because it assumes that the MDE made the policy
change based on legitimate concerns, and a change in the policy would not have been
needed if students were not using graphing calculator programs.
Several limitations existed with respect to teachers and students. The influence of
teachers’ experience and content knowledge of student assessment results was a
8

limitation of this research. It is likely that, for both of the years considered by this
research, teachers’ experience levels varied widely. Since the population sample for this
research considers Algebra I scores for all districts in Mississippi for the 2009-2010,
2010-2011, 2012-2013, and 2013-2014 school years, the researcher assumed factors such
as teacher experience, content, pedagogically, and technological knowledge averaged out
in the large population. Other limitations to consider were student factors such as test
anxiety, motivation, school truancy, and disabilities. These factors cannot be controlled,
but likely had some influence on students’ scores. The researcher assumed that the
influence of such student-level factors on any of the data across the four years under
study was not significantly different.
For this research, district-level data from the Algebra I SATP2 from the years
2009-2010, 2010-2011, 2012-2013, and 2013-2014 were analyzed. The 2009-2010 and
2010-2011 school years district data were chosen because they represent the years in
which school districts had the most experience administering and preparing students for
the Algebra I SATP2 before the graphing calculator policy change. The 2011-2012
district data were not considered for the comparative data because these data were
collected during the first year of implementation after the change in calculator policy.
Analyzing data originating in the first year of a new policy would have introduced
validity threats to the research. Therefore, the 2012-2013 and 2013-2014 school year
district results were selected to represent the comparative data after the graphing
calculator policy change. This allowed school districts two years of implementation of
the new policy, while also keeping the comparison years as close together as possible.

9

The assumption that these were the best years for the research comparison is discussed
further in Chapter III.
The researcher also assumed that districts were comparable from year to year and
that students performed to the best of their abilities. District data may or may not be
comparable from year to year. Factors such as teacher retention, number of first-year
teachers, or school consolidation could have a significant influence on the data analysis
for a single school or district. However, since this research considers the entire state of
Mississippi, rather than a selection of schools or school districts, the researcher assumed
such factors did not have significant influence on the data or results.
The Algebra I SATP2 assessment given by the MDE is created by Pearson, and
this research assumes that the assessment is a valid and reliable measure of student
knowledge and ability. The validity and reliability checks performed by Pearson are
discussed in detail in Chapter III. This assessment was developed based on the standards
defined by Mississippi Mathematics Frameworks (MDE, 2007). Therefore, results may
not be fully generalizable to other states. Moreover, the issue under consideration is the
influence of graphing-calculator programs on the results of a high-stakes assessment, not
the effectiveness of the standards or the assessment.
Definition of Terms
Several key terms are used in the research and are defined below:
Algebra I SATP2 is one of the four required tests in Mississippi’s SATP2 and measures a
student’s knowledge of and skill level in applied algebra.
Average scale score is the average numerical score on an assessment.
10

Computer Algebra System (CAS) is software that allows the manipulation of
mathematical expressions in symbolic form.
Graphing calculators are handheld calculators capable of plotting graphs, solving
simultaneous equations, and performing numerous other tasks with variables.
Many graphing calculators are programmable, allowing the user to create or
download customized programs, typically for scientific/engineering and education
applications.
Graphing calculator programs are software applications that are loaded on a
programmable calculator and can be used to perform specific mathematical
calculations.
High-stakes assessments are tests used to make important decisions about students,
educators, schools, or school districts for the purpose of accountability.
Performance Levels are given in addition to numerical scores on Mississippi’s SATP2.
They are as follows: advanced (661-700), proficient (650-660), basic (642-649),
and minimal (600-641).
Subject Area Testing Program 2 (SATP2) is high school-level tests that are part of the
graduation requirement in Mississippi. Students earning a high school diploma
must pass tests in four subject areas; Algebra I, Biology I, U.S. History, and
English II. A passing score for the Algebra I assessment is 647.
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REVIEW OF LITERATURE
Theoretical Framework
The theoretical framework outlines the researcher’s perspective for considering
the research problem and guides the research design. This research is framed by Mishra
and Koehler’s (2006) technological pedagogical content knowledge (TPACK), Neisse et
al. (2009) TPACK for mathematics, and Ball and Stacey’s (2005) research on the
judicious use of technology in mathematics. The rationale for selecting this theoretical
framework will be discussed in connection to the research topic, the use of graphing
calculator programs on high-stakes assessments.
TPACK
Mishra and Koehler (2006) developed the TPACK framework as a method for
understanding and describing the type of knowledge needed by a teacher to effectively
integrate technology. This framework built on Shulman’s (1986) pedagogical content
knowledge (PCK). The PCK framework combined a teacher’s pedagogical knowledge
and content knowledge into another needed knowledge, pedagogical content. For
example, to effectively teach mathematics, a teacher needs an understanding of teaching
and learning, of mathematics, and of the teaching and learning of mathematics. TPACK
expands the framework to include technology by identifying seven different areas of
knowledge for teachers: (1) content knowledge, (2) pedagogical knowledge, (3)
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technological knowledge, (4) technological content knowledge, (5) pedagogical content
knowledge, (6) technological pedagogical knowledge, and (7) technological pedagogical
content knowledge. Figure 2 identifies these seven areas and illustrates the connections
between them.

Figure 2.

TPACK model.

The TPACK intersection is the focus of this research. For teachers to effectively
integrate technology, they must understand how the relationships between content,
pedagogical, and technological knowledge influence teaching and learning.
Technological knowledge is a teacher’s understanding of traditional technologies, such as
a book or pencil, and digital technologies, like the Internet, or in the case of this research,
graphing calculators. Traditional technologies are characterized by their use and do not
change a much over time. For example, a pencil is for writing and its function has not
evolved over time. However, digital technologies are usable in many different ways and
change rapidly. For this research, the calculator is considered. Calculators began as
simple four-function machines but advanced to graphing calculators which are capable of
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plotting graphs, solving simultaneous equations, and performing numerous other tasks
with variables.
Technological content knowledge is a teacher’s understanding of how technology
and content influence and limit one another. Teachers need to master more than the
subject area they teach. They must also have a deep understanding of the manner in
which the subject matter can be represented and constructed with technology. For
example, when using a graphing calculator to teach linear functions, teachers must
understand the topic of linear functions as well as how the graphing calculator is a tool
that allows students to not only graph but explore the attributes of a linear function.
Linear functions can be explored by graphing with pencil and paper on a coordinate
plane; but by using the graphing calculator, students are able to see these changes more
quickly and without the added task of graphing the linear functions by hand.
Technological pedagogical knowledge is a teacher’s understanding of how the
capabilities and components of technologies can be used for teaching and learning. These
tools include technologies that are not content specific, such as tools for managing class
records or discussion boards that address general teaching and learning concepts. For
example, Microsoft Office Excel is designed for business environments, but teachers
could use the software for keeping track of attendance and grades. Some school districts
may purchase software that is specifically created for tracking grades and attendance.
This type of technology has advanced to even allow parents access to their child’s
records. Technological pedagogical knowledge requires creative thinking for technology
use for advancing teaching and learning.
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All six types of teacher knowledge―the three identified by Shulman (1986) and
the three identified by Mishra and Koehler (2006)―come together in the intersection
referred to as TPACK. TPACK is the seventh type of knowledge and is used to define
effective teaching with technology. Teachers that possess the six types of teacher
knowledge previously discussed must be able to use TPACK simultaneously to make the
best decisions for teaching and learning with technology in their specific content area.
According to Mishra and Koehler (2006), expert teachers use all seven types of
knowledge every time they teach. To further discuss the use of graphing-calculator
programs on high-stakes assessments, research by Neisse et al. (2009) on TPACK for
mathematics is explained.
TPACK for Mathematics
Neisse et al. (2009) developed a model for implementing the TPACK framework
in mathematics. The model identified five levels for characterizing a teacher’s
implementation of TPACK for mathematics. These levels are (1) recognizing, (2)
accepting, (3) adapting, (4) exploring, and (5) advancing. At the recognizing level,
teachers are able to use the technology and recognize the alignment of technology with
mathematics content yet do not integrate the technology in the teaching and learning of
mathematics. Teachers at the accepting level form a favorable or unfavorable attitude
toward teaching and learning mathematics with an appropriate technology. Teachers at
the adapting level engage in activities that lead to a choice to adopt or reject teaching and
learning mathematics with an appropriate technology. Teachers at the exploring level are
actively integrating teaching and learning of mathematics with an appropriate technology.
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Finally, teachers at the advancing level evaluate the results of the decision to integrate
teaching and leaving with an appropriate technology.
In addition, the model provides structured detail for addressing four themes: (1)
curriculum and assessment, (2) learning, (3) teaching, and (4) access. The theme of
curriculum and assessment is described by how the subject matter is addressed as well as
how students’ understandings are assessed. The theme of learning is described by how
mathematics topics are learned and students’ thinking skills developed. The theme of
teaching is described by instructional approaches, classroom environment and
professional development.
Of particular interest for this research is the theme of access. Access addresses
issues such as whether students are allowed to use technology, the obstacles to integrating
technology, and how the availability of technology makes higher levels of mathematics
available for all students. Prior to 2011, graphing calculator programs were an available
technology used on the Algebra I high-stakes assessment in Mississippi. However, it is
unclear if access to the graphing calculator programs allowed students to understand
higher levels of mathematics or simply obtain correct answers.
Judicious Use of Technology
Judicious use of calculators is achieved when students routinely consider whether
technology use is or is not an efficient way to solve a problem. Students also appreciate
how technology can be used in an exploratory way (Ball & Stacey, 2005). Ball and
Stacey (2005) identified teaching strategies for developing judicious technology use.
These strategies were developed in response to the controversy around calculators that
perform mathematical operations such as arithmetic or operations involving variables.
16

They encouraged four teaching strategies: (1) promote careful decision making about
technology use, (2) integrate technology into the curriculum, (3) tactically restrict the use
of technology for a limited time, and (4) promote habits of using algebraic insight for
overview and monitoring. To promote careful decision making about technology use,
teachers share decision making about mental math, pencil-and-paper, and technology
approaches. Students discuss the options with one another and monitor their own
underuse or overuse of technology. To integrate technology into the curriculum, teachers
must include examples that require technology use as well as examples where technology
use would inefficient. Teachers must allow student to make their own choices for
determining how to solve a problem, and the focus should be on the mathematics not the
choice of mental math, pencil-and-paper, or technology. The strategy to tactically restrict
the use of technology for a limited time is to limit technology or a technology feature for
a few minutes or a day. This is to allow students to develop pencil-and-paper skills along
with an appreciation of the role of technology. To promote habits of using algebraic
insight for overview and monitoring, teachers must model this routinely at the start of
each problem. The teacher must encourage the continual monitoring of technology
outputs against expectations.
This research will use the first strategy, promoting careful decision making about
technology use, as a frame of reference for discussing the appropriateness of using
graphing calculator programs on the Algebra I high-stakes assessments in Mississippi.
In summary, the TPACK framework offers a broad context for considering the
use of graphing calculators on high-stakes assessments, while the TPACK for
mathematics gives a specific context for how graphing calculator programs may have
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introduced validity threats to the assessment results. Both of these frameworks, including
the research on appropriate use of technology, are necessary for understanding the
research topic explored in this dissertation.
Introduction
The reauthorization of the Elementary and Secondary Education Act (Public Law
107-110), known as No Child Left Behind (2002), supported a standards-based
educational curriculum with mandated accountability assessments for public schools in
the United States. Since that time, secondary school students are required to pass three
end-of-course assessments in the content areas of mathematics, language arts, and science
before they can receive a high school diploma. These assessments are used to determine
student achievement and qualification for graduation. According to the law, students
must be assessed in the last required mathematics course, which for many states is
Algebra I (Wilson, 2007). States are responsible for developing the assessment and
determining assessment policy. One of the policies that varies by state for high-stakes
assessments in mathematics is the acceptable use of technology.
According to the NCTM (2000), the incorporation of technology into the study of
mathematics enhances student learning and supports teacher instruction. Technology does
not replace a student’s basic mathematical understanding but should be used to enhance
understanding. The technology considered for this research was the use of graphing
calculator programs on high-stakes assessments. The literature review begins with a
definition of graphing calculators and graphing calculator programs.
Graphing calculators are defined as handheld calculators capable of plotting
graphs, solving systems of equations, and performing other tasks with a variable. Many
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graphing calculators are programmable for scientific and educational applications. Some
graphing calculator products contain CAS, a software program that allows for the
manipulation of mathematical expressions in symbolic form. Graphing calculators with a
CAS have the ability to process equations symbolically as well as numerically.
Another feature available for graphing calculators that is of particular interest for
this research is graphing calculator programs. Calculator programs and CAS are not the
same thing. Graphing calculator programs are software applications that are loaded on a
programmable calculator and can be used to perform specific mathematical calculations.
Graphing calculator programs can be written by novice programmers and are easily
shared between devices. Companies such as Zoom Math offer programs for purchase that
range in price from $7.95 to $99.95 (Zoom Math, 2015).
One benefit of using graphing calculator programs is that students are less likely
to make careless calculation errors when substituting values into formulas. Since highstakes assessments include answer choices that contain common computation errors
decreasing carless errors is a major benefit. However, researchers and mathematics
educators are concerned that students who are taught with graphing calculator programs
lack an understanding of the mathematical concepts and cannot perform procedures
proficiently (Grassl & Mingus, 2002; Kentucky Department of Education, 2014; MDE,
2011; Spencer, 2013). The researcher considered (1) a broad historical look at calculator
use in the classroom,(2) the use of graphing calculator programs on high-stakes
assessments, and (3) disadvantaged groups influenced by the use of graphing calculators.
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Overview of Calculator Assessment Research
Hembree and Dessart (1986) conducted the first meta-analysis of calculator
research by integrating the findings of 79 research studies. Research studies for students
in kindergarten through 12th grade were considered. The only specification regarding the
type of calculator used by students was that the calculators be electronic hand-held
devices or desk calculators similar to the hand-held versions. Hembree and Dessart
concluded that the use of calculators in testing situations produced higher achievement
scores when basic operations and problem solving were being assessed. This finding
applied across all grades and ability levels, as “the overall better performance in problem
solving appears to be a result of improved computation and process selection” (Hembree
& Dessart, 1986, p. 96). By allowing students to use a calculator, they were able to focus
on making sense of the problem rather than on performing the computations.
Ellington (2003) conducted a meta-analysis of 54 research studies to determine
the calculator’s influence on students’ operational, computational, conceptual, and
problem-solving skills in mathematics. The analysis also considered students’ attitudes
toward mathematics. This meta-analysis was needed because the calculator controversy
had not been resolved following the release of Hembree and Dessart’s (1986) metaanalysis, and calculator technology now included graphing calculators.
Ellington (2003) found that when calculators were used for instruction but not
testing, students’ operational skills and ability to choose appropriate problem-solving
strategies improved, while there were no changes in students’ computational or
conceptual skills. However, when calculators were used during both teaching and testing,
students’ operational skills, computational skills, conceptual understanding, and problem20

solving skills all increased. “Students received the most benefit when calculators had a
pedagogical role in the classroom and were not just available for drill and practice or
checking work” (Ellington, 2003, p. 456). The availability of calculators is not enough
for students; teachers needed to incorporate them in lessons and teach how to properly
use the calculator. The type of calculator used in testing situations was also considered.
Students’ operational skills benefited from basic, scientific, and graphing calculators.
However, graphing calculators resulted in significantly better results than basic or
scientific calculators for increasing students’ conceptual understanding and problemsolving skills. This research concluded that the use of graphing calculators significantly
increased students’ problem-solving skills.
Ellington (2006) conducted a second meta-analysis focused on students who had
access to graphing calculators during instruction and students who did not have access to
graphing calculators. This analysis considered 42 studies and focused on the use of
graphing calculator applications. However, the analysis did not include CAS, and the
results were not clear to whether students had access to graphing calculator programs.
This research determined that students’ procedural, conceptual, and overall mathematics
achievement skills benefited when graphing calculators were used in both instruction and
testing, but allowing graphing calculators on assessments had the most influence on
overall achievement. Interestingly, “there were no circumstances under which the).
Along with the three meta-analysis described above, two recent research briefs
contribute additional justification for this research. The NCTM (2011) issued a research
brief summarizing approximately 200 studies that investigated research using calculators
in the classroom. The studies occurred from 1976 to 2009 and included studies about
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four-function, scientific, and graphing calculators. The research was gathered from a
variety of research methodologies and contexts, including the three referenced metaanalyses. The NCTM (2011) stated:
In general, we found that the body of research consistently shows that the use of
calculators in the teaching and learning of mathematics does not contribute to any
negative outcomes for skill development or procedural proficiency, but instead
enhances the understanding of mathematics concepts and student orientation
toward mathematics. (p. 1)
Researchers must stop debating the appropriateness of calculators in the classroom.
Instead, research must move beyond the effectiveness of calculators to focus on
conditions, resources, and contexts to enhance or limit mathematics instruction.
Wolfe (2010) considered 20 studies related to calculator and assessment research.
A noted concern was that the use of calculators on large-scale assessments may affect
scores.
It is also clear from the most recent studies that judicial use of the calculator, use
of the right type of calculator, and integration of the calculator into mathematics
instruction are keys to maximizing the positive impact of allowing student to use
calculators on mathematics tests. (Wolfe, 2010, p. 4)
An important consideration for calculator-neutral assessments that allow the use of
calculators is that test-takers who obtain the same test score but use different calculators
with different capabilities may in fact demonstrate a different level of mathematical
ability. The issue becomes even more complex when considering that the same graphing
calculator could have different capabilities depending on which programs have been
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installed. This research seeks to add to the literature about the impact of such
occurrences.
The previously discussed research provides a broad historical look at calculator
research with a focus on assessment. The influence of calculator use on teaching and
learning has been considered for decades and from numerous perspectives. The
remainder of the literature review will consider more recent research studies that address
the use of graphing calculators on high-stakes assessments. Research that specifically
addresses graphing calculator programs is limited. Table 1 shows the number of available
research publications after searching “graphing calculator” and “graphing calculator
program” in ERIC and ProQuest.
Table 1
Available literature on graphing calculators
Source
ERIC
ProQuest

Graphing Calculator
235
1925

Graphing Calculator Program
1
15

High-Stakes Assessments in Mathematics
As its name suggests, high-stakes assessment performance leads to important
results for schools, administrators, teachers, and students. Passing can bring rewards,
while failure can bring severe penalties. Most concerning for students is that failing a
high-stakes assessment could mean being denied a high school diploma. These highstakes assessments are developed from course content standards. However, some believe
that a standards-based curriculum, along with high-stakes assessments, promote teaching
to the test (Kahlenber, 2009; Volante, 2004). The results of the National Assessment of
23

Educational Progress (NAEP) and the ACT will be discussed to depict a recent picture of
Mississippi students’ mathematics performance in relation to calculator use.
National Assessment Results
National Assessment of Educational Progress
The NAEP administers national assessments in the United States to determine
students’ level of understanding in certain subject areas. While NAEP is not a high-stakes
assessment in terms of consequences for students or school districts, the national
assessment does provide a mechanism for ranking the 50 states across the United States.
The assessments began in 1990 and are given to random samples of fourth-, eighth-, and
12th-graders every two years. The assessments are uniform and track student progress
over time. Along with results on subject-matter achievement, the NAEP also reports
information about instructional practices and school populations. For mathematics, the
NAEP has a calculator and non-calculator portion for all grades. Fourth grade is supplied
with a four-function calculator while eighth and 12th graders are provided with a
scientific calculator but are allowed to bring a graphing calculator if they have access to
one.
In 2011, the NAEP surveyed teachers about the type of calculators their students
used during mathematics instruction. Eighty-two percent of eighth-grade teachers in
Mississippi reported their students used graphing calculators, compared to the national
rate of only 26%. Interestingly, the higher usage of graphing calculators did not result in
a higher average scale score. Mississippi’s eighth-grade average in 2011 was 269. This is
significantly lower than the national average of 283 (National Center for Education
Statistics, 2011).
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NAEP also reports assessment results for student achievement. Achievement
levels on NAEP are basic, proficient, and advanced. Basic is defined as partial mastery of
prerequisite knowledge and skills that are fundamental for proficient work. Proficient is
defined as solid academic performance for the grade level being assessed. Advanced is
defined as superior performance. Eighth-graders have not only consistently scored lower
than the national average, but Mississippi also has a higher percentage of students scoring
below basic than the national average. Most recently, in 2013, the national distribution of
scores for NAEP indicated 27% of students scored below basic in eighth grade, compared
to Mississippi’s 39%.
Both the national average and the percentage of students scoring below basic on
the NAEP are concerning statistics for Mississippi. Research in mathematics supports the
use of technologies such as graphing calculators to increase students’ performance in
mathematics. However, in Mississippi a higher percentage of graphing calculator use has
not corresponded with a higher average score on NAEP or a lower percentage of students
performing below basic in eighth grade.
The ACT
Another high-stakes assessment considered for this research is the ACT. The ACT
is a national exam that assesses four subject areas: English, mathematics, reading, and
science. Calculator use is allowed on the mathematics portion of the ACT. However,
calculators with a built-in CAS are prohibited. The ACT college readiness benchmark for
mathematics is a score of at least 22. Meeting this benchmark indicates a 50% chance of
a student obtaining a B or higher in a credit-bearing college mathematics course. In 2014,
21% of Mississippi students met the mathematics benchmark, with an average score of
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18.3. In comparison, 43% of students nationally met the benchmark, with an average
score of 20.9. Thus, on average, students from across the United States are twice as likely
as Mississippi students to meet the benchmark to be considered college ready.
The NAEP and the ACT are reliable tests for comparing state and national data,
and on both tests Mississippi students performed significantly below the national average.
Nichols, Glass, and Berliner (2012) determined that increases in achievement on content
assessments are more consistently related to mathematics achievement than reading.
Taylor, Shepard, Kinner and Rosental (2003) showed that even with defined high-stakes
standards, mathematics teachers still supplement their curriculum with topics such as
probability and geometry because they believe these topics emphasize problem solving
and writing in their mathematics classes. The remainder of the literature review will
consider three topics of relevant research: (a) the influence of graphing calculators on
high-stakes assessments, (b) graphing calculator capabilities that present validity threats
in assessments, and (c) the influence of graphing calculators on the performance of
disadvantaged groups in mathematics.
Influence of Graphing Calculators on High-Stakes Assessments
Graphing calculators have been allowed on many states’ high-stakes assessments.
In Texas, the state mathematics assessments for students in the ninth, 10th, and 11th
grades began requiring the use of graphing calculators in 2002. Dimock and Sherron
(2005) considered how the use of graphing calculators influenced student achievement on
these assessments. A stratified random sample of 443 high schools in Texas participated
in the research. Data was gathered from teachers using a seven-item questionnaire, and
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student achievement data for the Texas Assessment of Knowledge and Skills was
obtained from the Texas Education Agency accountability office.
Mathematics teachers reported that students used graphing calculators on a daily
basis 98% of the time, and of that time, 99% was spent using the graphing calculators for
classwork, classroom tests, and state assessments. Even though this research reported a
significant positive relationship between the use of graphing calculators and achievement
on the statewide assessment, the relationship was not determined to be causal. Dimock
and Sherron (2005) recommended further research on the causal relationships that may
exist between graphing calculators and student achievement on high-stakes assessments.
Porchea (2008) investigated calculator use on South Carolina’s Algebra I highstakes assessment. Data were collected from assessment scores, a student questionnaire,
and scores from the eighth-grade achievement tests. The achievement tests were used to
assess students’ prior knowledge. Findings of the research revealed that students who
used graphing calculators on the Algebra I high-stakes assessment scored 0.08 to 2.69
points higher than those who did not. Even so, the overall results of this research could
only explain a very small part of students’ scores through graphing calculator use
(Porchea, 2008). It is not enough to determine that student assessment scores increased.
More research is needed about the type of graphing calculator applications that are linked
to this increase.
Both Dimock and Sherron (2005) and Porchea (2008) determined that graphing
calculator use was related to higher achievement scores on high-stakes assessments in
mathematics. However, neither of the research studies determined a causal relationship.
For graphing calculators to be most effective on high-stakes assessments, the specific
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factors of the technology that contribute to positive achievement need to be identified.
Neither of these studies indicated whether the use of graphing calculator programs were
allowed or prohibited for these assessments.
Graham, Headlam, Honey, Sharp, and Smith (2003) studied seven students
halfway through the second year of an advanced-level mathematics course in a British
school. Using a three part investigation, the researchers examined how the students
actually used their graphing calculators under assessment conditions. First, the
researchers conducted an analysis of the assessment. Then students took the assessment
using a special graphing calculator with software to record their key strokes. The
students’ key strokes were extracted from the calculators and analyzed at the end of the
assessment. In the final step, the researchers conducted follow-up interviews with the
students.
The interviews revealed that the students’ use of graphing calculators was very
limited. One reason for this limitation was that calculator use had been prohibited during
the previous year of the course, and students were concerned that they would lose credit
for not showing their work. The researchers concluded:
If students are to make effective use of graphics calculators in examinations, the
students need to be encouraged to make more extensive use of graphics
calculators throughout their mathematics studies, so that they become more
familiar with them and confident to use them. (Graham et al., 2003, p. 333)
The findings of this research indicated that graphing calculators were the most
beneficial to students on assessments when they are integrated into the teaching and
learning of the content. Further, graphing calculators must be introduced to students early
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in their learning of mathematics. Graham et al. (2003) were not clear about the most
appropriate time to introduce the graphing calculator, but stated that students need time to
become familiar with basic operations of the graphing calculator before being introduced
to the application capabilities. Possible capabilities of graphing calculators that present
validity threats in assessments are discussed next.
Graphing Calculator Capabilities that Present Validity Threats in Assessments
Forster, Mueller, Haimes, and Malone (2003) researched a 12th grade applicable
mathematics course in Western Australia. The course prepared students for the public
Western Australian Tertiary Entrance Examination. Graphing calculators had been
mandatory on this examination since 1998. The research considered specific assessments
identified as extended pieces of work that allow students the opportunity to demonstrate
higher-order thinking skills. The researchers were interested in how graphing calculator
capabilities not available on a scientific calculator may have provided advantages to
students and influenced the construction of tasks.
Each part of the extended pieces of work was categorized by the level of required
graphing calculator use: essential, advantageous, neutral, checking, or inactive. Essential
graphing calculator use is defined as necessary to obtain a solution. Advantageous is
when a graphing calculator greatly simplifies the work needed to obtain a solution.
Neutral means that the question could be answered reasonably with or without a graphing
calculator. Checking only is where the graphing calculator was used for checking but not
for obtaining the solution. Inactive is when the graphing calculator is not possible or
inappropriate to use for solving a problem. Since the research focused on graphing
calculator capabilities that are not available on scientific calculators, only extended pieces
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of work where graphing calculator use was identified as essential or advantageous were
considered. Evidence that these extended pieces of work required students to take a blind
acceptance of calculator output was found. However, the findings of this research
indicated that tasks given in the extended pieces of work did require an understanding of
relationships. Students passed calculations on to the graphing calculator so that they
could focus on relationships. This indicated that assessment developers must ensure that
tasks are appropriate for the allowed technology. If not, validity threats are introduced to
the assessment because students calculate correct answers but do not understand the
mathematics behind them.
The Kentucky Department of Education (2014) researched whether or not
students who used Zoom Math applications were at an unfair advantage on the ACT’s
Compass Assessment. Zoom Math applications are sets of graphing calculator programs
divided by courses. These programs can be purchased and downloaded to a graphing
calculator. In Kentucky, the Compass Assessment is used for students to demonstrate
readiness for college-credit bearing courses. The Compass Assessment contains two
parts. The first part did not allow for the use of Zoom Math because it contained reading
and interpreting. However, the second part of the assessment did contain problems that
could easily be calculated with a Zoom Math application. “In 100% of the trials where
Zoom Math 300 was used, scores exceeded the Kentucky College Readiness Benchmark
of 36” (Kentucky Department of Education, 2014, p. 6). By correctly using the Zoom
Math graphing calculator programs, a student could be considered college ready.
Zoom Math also played a significant role when used to answer algebraic content
such as identifying factors, simplifying expressions, identifying equivalent expressions,
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and solving equations. By using Zoom Math on just the algebraic content questions and
randomly guessing on other questions, a student could still score high enough to be
considered college ready in mathematics (Kentucky Department of Education, 2014).
Ultimately, the result of this research determined that a student who is proficient in Zoom
Math but lacks algebraic content knowledge could receive a score indicating college
readiness by using Zoom Math on the Compass Assessment.
The Kentucky Department of Education (2014) research design did not analyze
actual student scores. Conclusions were based on the work of four research consultants.
The consultants determined which questions would be affected by the use of Zoom Math
and then assumed in analysis that students would correctly answer these questions using
the graphing calculator programs. While results of the Kentucky Department of
Education (2014) research defined possible scenarios for the influence of graphing
calculator programs, they did not show actual influence. No evidence was found that
students using graphing calculator programs were determined to be college ready in
mathematics when they were not. The next research described offers insight on the
influence of graphing calculator programs when used on high-stakes assessments using
student data.
Spencer (2013) examined the significance of calculator programs on the Algebra I
high-stakes assessment in Mississippi. The participants in the study attended a high
school in Central Mississippi. Results from 222 students who were allowed to use
graphing calculator programs on the assessment were compared to 183 students who
were not allowed to use graphing calculator programs because of the MDE (2011)
graphing calculator policy change. In 2001, both groups of students had similar
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demographics and were taught by the same teachers in similar learning environments and
testing conditions.
Spencer’s (2013) research compared students’ overall scores as well as scores for
each Algebra I competency area, which included number and operations, algebra,
geometry, measurement, and data and probability. The ethnicity of students in the
research was also considered. Results of this research revealed that students who were not
allowed to use graphing calculator programs scored statistically higher than students who
were allowed to use the programs. Furthermore, students who used the programs had
more consistent scores. With respect to competency, students who were not allowed to
use the programs scored higher in the areas of number and operations, algebra, and
geometry.
Spencer (2013) concluded that students should not be allowed to use graphing
calculator programs until they have mastered concepts. “When the students were allowed
to input data into programs on the calculators, it is very likely that the students had little
or no logical reasoning to justify their answers” (Spencer, 2013, p. 64). Students were
able to correctly answer assessment questions using graphing calculator programs
without understanding the underlying mathematical content. They had memorized steps
for using the graphing calculator programs, not understanding the content. Spencer
(2013) recommended the use of graphing calculator programs on high-stakes tests be
limited and implemented with caution.
Even though Spencer (2013) used student data, the data were from only one high
school. Therefore, the results may not be generalizable to the entire state of Mississippi or
useful in informing state or national policy discussions. Spencer also used student scores
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from the year of the graphing calculator policy change. This introduced internal validity
threats to the research. The increase in student achievement may have been the result of
something other than graphing calculator programs. Possible, the policy change
motivated teachers to more thoroughly teach the Algebra I concepts because they knew
students could not rely on the graphing calculator programs. This research will address
these threats to validity by expanding the population from one high school to the entire
state of Mississippi and by not considering data from the year when the policy change
occurred.
Disadvantaged Groups
Along with the influence of graphing calculator programs on high-stakes
assessments, an important consideration was that the use or restricted use of technology
may have a greater influence on certain groups of students. The only research that
considered the use of graphing calculator programs by disadvantaged groups was the
dissertation research conducted by Spencer (2013). However, numerous studies have
examined the use of graphing calculators by disadvantaged groups, as defined by race,
socio-economic status, and academic performance. Only the studies that most closely
align to the current research are included in this literature review.
Spencer’s dissertation research was discussed in the previous section. However,
now another portion of the research will be discussed in more detail. With regards to
disadvantaged groups, Spencer (2013) sought to determine if students’ ethnicity
significantly affected their scores on the Mississippi Algebra I SATP2. The independent
variables were calculators with and without programs, and the two demographic groups
considered were Caucasian students and students from other races and ethnicities.
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Spencer’s (2013) research found that Caucasian students scored statistically
higher than students of other races and ethnicities when programs were either used or not
used. When considering how the students scored by competency, both Caucasian and
students of other races and ethnicities scored highest on data analysis and probability
when programs were allowed, and they scored highest on algebra when programs were
not allowed. The results of a two-way analysis of variance (ANOVA) indicated a
significant main effect for both the use of programs and race/ethnicity; however there
was not a statistically significant interaction between them. Spencer (2013) concluded
that any differences between the groups of students were not dependent on the use of
programs, nor were any differences between the use of programs dependent on
race/ethnicity.
Concerning low socio-economic status, Flores (2009) conducted research about
the use of graphing calculators in the teaching and learning of Algebra I for African
American students of a low socio-economic status. The researcher analyzed similarities
and differences in instruction for teachers who used graphing calculators and those who
did not use graphing calculators. Flores (2009) determined that the teachers who used
graphing calculators were able to make connections between the different representations
of functions while the teachers who did not use graphing calculators did not.
This finding is consistent with previous research that revealed an emphasis among
teachers of students from low socioeconomic backgrounds on rote memorization and the
development of lower-level skills in mathematics (Davis & Martin, 2008; Lee, Smith, &
Croninger, 1997; Lubienski, 2002; Weiss, 1994). Flores (2009) concluded that the main
difference between instruction that used the graphing calculator and instruction that did
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not use the graphing calculator was that the teachers using calculators supported the
development of students’ conceptual understanding and helped them make connections.
The final disadvantaged group considered was low-performing students, many of
whom display poor academic performance and may not have had the same learning
opportunities in mathematics as students who are perceived to be more capable (Cuevas,
1995). Pugalee (2001) examined how graphing calculators support underachieving
students who are learning algebra. The students in this study were from lower-middle
socioeconomic backgrounds and were characterized as low performers in mathematics
because they received grades of D or F in previous mathematics courses. The data
showed that instructional activities requiring graphing calculators enabled students to
explore algebraic ideas and generate their own conceptualizations of mathematics.
Pugalee (2001) concluded that all students should have access to technologies such as
graphing calculators so that students have opportunities to acquire skills in the
appropriate use and application of these learning tools.
Three disadvantaged groups―students from non-Caucasian races and ethnicities,
students of low socioeconomic status, and low academic achievers―were considered in
the literature review. The specific group considered by the researcher for this study is
Title I schools.
Title I Schools
Title I was created as part of the Elementary and Secondary Education Act and
provides funds to local educational agencies and schools with high numbers or
percentages of children from low-income families. Schools that receive Title I funds must
channel the funds toward students who are failing or who are most at risk of failing to
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meet state academic standards. Schools in which 40% of students are from low-income
families are eligible to use these funds for schoolwide programs; in these schools, Title I
funds can be used to improve the achievement of all students.
According to National Center for Education Statistics (2012), there are 98,817
public elementary and secondary schools in the United States. Of these, 66,646 qualify
for Title I funds; while 48,990 qualify to use their Title I funds schoolwide. As shown in
Table 2, Mississippi, has 1,083 operating schools; 877 schools (81%) qualify for Title I
funds and 837 schools (77%) qualify to use their Title I funds schoolwide (U.S.
Department of Education, 2015). If any school in a district receives funds, the district is
considered a Title I district. In Mississippi, 100% of the school districts are considered
Title I (MDE, 2015), meaning that 97% of the students in Mississippi attend a school that
qualifies for Title I funds that can be used schoolwide. The number of actual students
attending Title I schools are displayed in Table 3.
Table 2
Number of Title I schools, 2010-2011
Total number of
schools
United States 98,817
Mississippi
1,083

Title I

Title I schoolwide

66,646 (67%)
877 (81%)

48,990 (50%)
837 (77%)

Table 3
Number of students attending Title I schools, 2010-2011
Total number of
students
United States 49,177,617
Mississippi
489,462

Title I

Title I schoolwide

33,447,494 (68%)
476,559 (97%)
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24,842,892 (51%)
442,804 (90%)

Conclusion
Graphing calculator features such as the capability to visualize functional
relationships have been included in numerous research studies (Burrill et al.,
2002; Dewey, Singletary, & Kinzel, 2009; Forster et al., 2003; Milou, 1999; Penglase &
Arnold, 1996). However, until recently the influence of graphing calculator programs has
been ignored. As outlined in the literature review, further research is needed to determine
(a) the influence of graphing calculator programs on high-stakes assessments and (b)
graphing calculators’ capabilities that may present validity threats for assessments. In the
next chapter, the methodological plan used in conducting this research is outlined.
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METHODOLOGY
Introduction
The MDE’s 2011-2012 calculator policy change created a unique opportunity for
comparing Mississippi’s Algebra I SATP2 data. The policy change restricted the use of
graphing calculator programs on the state test. Such calculator programs had been
allowed for all previous years in which the test was administered. The findings added a
valuable contribution to the field because little information existed about the effects of
these types of calculator programs on assessments. Specifically, the research questions
addressed the influence of the 2011 MDE calculator policy change for the Algebra I
SATP2 on three groups: students, schools, and disadvantaged populations. Students were
an important group to consider because they must pass the Algebra I SATP2 to graduate
from high school. The influence of the policy change on schools was also important
because the Algebra I SATP2 scores were part of Mississippi’s accountability model and
were used to calculate a school’s performance classification. Finally, Title I schools were
considered because they represented students who were at risk of meeting state academic
standards.
Research Design
Since this research investigated an effect that had already occurred by
membership in a group, a causal-comparative research design was appropriate.
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According to Fraenkel and Wallen (2009), causal-comparative research attempts to
determine the cause or consequence of differences that already exist among groups of
individuals. There are several types of causal-comparative research designs, such as
exploration of effects, causes, or consequences. This particular research explored the
consequences of group membership (either being allowed or not being allowed to use
graphing calculator programs) on the Algebra I SATP2 high-stakes assessment in
Mississippi. Despite these advantages, causal-comparative research cannot fully
determine causation. However, the results of such research can provide knowledge about
the influence on specific groups affected by the graphing calculator policy change.
Informing policy makers about the effects of such a policy changes can assist them in
making more informed decisions in the future.
As previously noted, this research explored the effect of group membership on an
outcome. There were several steps in causal-comparative research. First, the phenomenon
to be explored and possible causes or consequences of this phenomenon were identified.
For this research, the consequence of graphing calculator program use on the score of a
high-stakes assessment was the phenomenon to be explored.
Second, a group with a carefully defined characteristic and another group without
this characteristic were selected. These were the independent variables or comparison
groups. The comparison groups for this research were students who were allowed to use
graphing calculator programs and students who were not allowed to use graphing
calculator programs on the Algebra I SATP2. In addition, the type of school a student
attended—either Title I or regular—was used as another independent variable to explore
the research questions.
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Third, an instrument to measure effect was identified. This was the dependent
variable. For this research, the scores of students taking the Algebra I SATP2 were used.
These independent and dependent variables were used to complete this causalcomparative research.
Participants
The target population was all students who completed the SATP2 for Algebra I.
Individual student data was private information reported directly to the student’s district;
however, the mean scale scores for districts and schools were reported to the public. In
addition, the percentage of students passing the Algebra I SATP2 and the percentage of
students scoring in each performance level are reported. This research did not require
Institutional Review Board for the Protection of Human Subjects (IRB) approval because
it involved publicly available de-identified data and there was no interaction with human
subjects. The students’ scores included in this study were first-time Algebra I SATP2
test-takers who ranged from eighth to 12th grade and attended a Mississippi public school.
Table 4 shows the number of districts, schools, and students who have participated in the
Algebra I SATP2 from 2008 to 2014.
Table 4
Algebra I SATP2 participation data
School Year
2007-2008
2008-2009
2009-2010
2010-2011
2011-2012
2012-2013
2013-2014

Districts
151
151
151
151
152
148
147

Schools
354
358
367
372
368
371
359

Students
31,576
35,174
36,113
34,503
34,233
33,223
36,318
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The MDE administered the SATP2 to Algebra I students from the 2007-2008
school year through the 2013-2014 school year. The Algebra I standards remained
unchanged during these years. District and school level data were also reported for all
seven years. The 2007-2008 through 2010-2011 school year data includes assessment
scores that allowed graphing calculator programs. The 2011-2012 through 2013-2014
school year data includes assessment scores that prohibited the use of graphing calculator
programs.
For this research, a nonrandom sample of the available data was selected. The
2009-2010, 2010-2011, 2012-2013, and 2013-2014 school years were compared. Data
from the district data for the 2009-2010 and 2010-2011 school years were chosen because
they represent the school years in which schools had the most experience teaching the
Algebra I standards and administering the SATP2 for Algebra I before the graphing
calculator policy change. The 2011-2012 district data were not considered for the
comparative data because these data were collected during the first year of
implementation after the calculator change policy. Using 2011-2012 data would have
introduced validity threats to the research because scores typically decrease the first year
after implementation of a new policy. The 2012-2013 and 2013-2014 school year district
results were selected as the comparative data after the graphing calculator policy change.
This allowed school districts two years of the new policy implementation but also kept
the comparison years as close together as possible. SATP2 for Algebra I scores after
2014 were not considered because Mississippi began implementing a new set of
mathematics standards.
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Instrumentation
For this research, data were analyzed from public access reports. At the time of
this study, the SATP2 Algebra I assessment is given as one of the four subject area tests
administered in compliance with the Mississippi Student Achievement Improvement Act
(1999). Students were required to pass subject area tests in Algebra I, Biology I, U.S.
History, and English II to meet the graduation requirements and be awarded a diploma.
These four tests were collectively referred to as SATP2. Students enrolled in Algebra I
for the first time in the 2007–2008 school year through the 2013-2014 school year took
the Algebra I paper-and-pencil test to fulfill this graduation requirement. The following
information about the SATP2 Algebra I was found in the teacher’s guide (MDE, 2011),
accountability standards (MDE, 2012) and technical manuals (Pearson, 2011, 2013).
During the years under review, SATP2 testing occurred twice a year in
Mississippi. Schools in Mississippi implemented one of three types of scheduling: a
traditional seven-period day, A/B block, or 4x4 block. Students enrolled in a traditional
seven-period day or A/B block schedule complete the Algebra I SATP2 at the end of the
school year in April or May. Schools on a 4x4 block had the option to teach Algebra I
during either the first half or the second half of the school year. Therefore, two testing
windows are necessary. Students completing Algebra I during the first half of the school
year are assessed in December while students completing Algebra I during the second
half of the school year are assessed in April or May.
Test Specifications
The Algebra I SATP2 measured a student’s knowledge and skill level in applied
algebra as outlined in the 2007 Mississippi Mathematics Frameworks, Revised (MDE,
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2007). This assessment contained 65 multiple-choice items. Twelve of the 65 assessment
items were used for experimental purposes and were not used to calculate a student’s
score. The remaining 53 assessment items were distributed throughout the assessment in
five competency areas: Numbers and Operations, Algebra, Geometry, Measurement, and
Data Analysis and Probability. Students were allowed to use graphing calculators on this
test to solve problems, perform computations, and check their solutions (MDE, 2011).
Table 5 contains the Algebra I SATP2 blueprint, which details the number of
questions from each competency area that appeared on the Algebra I SATP2. This
blueprint was used by assessment developers to write test questions and construct test
forms. The blueprint was used throughout the SAPT2 Algebra I test adoption process to
design the assessment for each administration.
Table 5
Algebra I SATP2 blueprint
Competency
Numbers and Operations
Algebra
Geometry
Measurement
Data Analysis and Probability

Scored Items
7
24
7
8
7

Along with the blueprint, test developers were also guided by test specifications
when writing the Algebra I SATP2. Test specifications were finalized based upon general
considerations, item format, and test format. Some of the general considerations included
difficulty, interest, experiences, and real-world context. Test items were written at an
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eighth grade reading level. All items were reviewed specifically for the purpose of
eliminating stereotyping and bias (MDE, 2011).
The test specifications required that all item stems be in the form of a question.
The multiple choice options could not include options such as none of the above, both A
and B, or all of the above. Numerical answer choices were always arranged in ascending
order or descending order, while all other answer choices were arranged in alphabetical
order. Assessment items and answer choices were printed on the same page, with answer
choices beneath the item. The test was printed in black ink on white paper, and any
negatives or superlatives in an item assessment were typed in all uppercase letters and
boldface font (MDE, 2011).
Test Scores
Students received two scores on the Algebra I SATP2, a raw score and a scale
score. The raw score was the sum of the assessment items answered correctly. The raw
score by itself had no meaning. Since small variations in the difficulty of assessment
items occurred from year to year, a raw score was always interpreted in relation to the set
of questions.
Scale scores were determined based on statistical information about the
assessment items. Using this information, the number of items answered correctly was
converted to a scale score. The scale score ranged from 600 to 700 and fell within
approximately equal units on a continuous scale. These scores took into consideration
any variations in the assessment and were appropriate for identifying changes in district
performance over time. To ensure that tests were comparable from year to year, the
44

different forms of the Algebra I SATP2 assessment were statistically equated through
item response theory and a common item design.
Students were also assigned to a performance level based on their scale score. The
general performance level descriptors were established by the MDE and are summarized
in Table C1 located in Appendix C. The passing score for Algebra I was 647. The passing
score and performance-level scale score ranges were determined based on the
recommendation of a committee of Mississippi educators during the summer of 2008. All
final passing cut scores and performance-level scale score ranges were approved by the
MDE (MDE, 2011).
School Performance Classification
At the time of this study, student test scores were also used as part of
Mississippi’s accountability system to improve student achievement and increase
accountability for schools and school districts. The following information was found in
the MDE accountability standards (MDE, 2012). Annual performance classifications
were assigned each year to schools in the fall. Achievement and growth data were
considered in assigning classifications. Growth was determined by testing students
annually and tracking their progress through psychometric formulas. This resulted in a
composite score each year for each school. Achievement was measured by calculating the
Quality of Distribution Index (QDI). The QDI measured the distribution of student
performance levels on state assessments. The formula for QDI was QDI = % Basic + (2 x
% Proficient) + (3 x %Advanced). Table 6 shows the Performance Classification Model
for schools used during SATP2.
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Table 6
The performance classification model for 2009-2014
Cut Points
200-300
166-199
133-165
100-132
0-99

Inadequate Growth
High Performing
Successful
Academic Watch
Low Performing
Failing

Appropriate Growth
Star School
High Performing
Successful
Academic Watch
At-Risk of Failing

Reliability and Validity
Using the Standards for Educational and Psychological Testing, Pearson (2011,
2013) provided reliability and validity tests for the SATP2 in Mississippi. Detailed results
for the Algebra I SATP2 assessment for the 2010-2011 and 2012-2013 school years were
summarized. Reliability is the degree to which scores obtained with an instrument are
consistent measures of whatever the instrument measures (Fraenkel & Wallen, 2009).
The ability to measure consistently is necessary for appropriately interpreting scores.
Pearson (2011, 2013) reported three reliability checks: (a) Cronbach’s alpha, (b) the
associated standard errors of measurement, and (c) the classification consistency. No
threats to the reliability of the assessment instrument were determined. Cronbach’s alpha
coefficient measures the consistency of items within a test. The closer the alpha value is
to 1, the greater the consistency within the test, and the greater the reliability. An alpha
measure greater than or equal to 0.9 (α > 0.9) is considered excellent for high-stakes
testing (Hair, Black, Babin, & Anderson, 2010). These results, along with the standard
error of measurement, are summarized in Table 7. Tests with a high reliability have
generally smaller standard errors of measurement. For this reliability test, all alpha values
were greater than or equal to 0.9, and the raw score had a standard error of about 3 points.
46

Table 7
Algebra I SATP2 Cronbach’s Alpha
December 2009
April 2010
December 2010
April 2011
December 2012
May 2013
December 2013
May 2014

Alpha
0.89
0.91
0.90
0.91
0.90
0.91
0.91
0.90

Std. Error
3.13
3.10
2.99
3.04
3.08
2.99
2.89
3.10

To evaluate the reliability of a student’s performance category classification,
Pearson (2011, 2013) used procedures from Livingston and Lewis (1995) and Lee,
Hanson, and Brennan (2002). The accuracy and consistency of classification was
considered along with the calculation of Cohen’s kappa. Cohen’s kappa is a strong
evaluator of interjudge reliability because it considers chance agreements (Howell, 2010).
Pearson (2011, 2013) reported nine analyses that considered variations of pass/fail and
performance level classifications by status and cut point. For this research, only the
overall proportion of accurate and consistent performance-level classification is reported.
These results are found in Table 8.
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Table 8
Algebra I SATP2 Cohen’s Kappa
December 2009
April 2010
December 2010
April 2011
December 2012
May 2013
December 2013
May 2014

Accuracy
0.92
0.93
0.80
0.81
0.81
0.81
0.95
0.94

Consistency
0.88
0.90
0.72
0.74
0.73
0.74
0.93
0.91

kappa (K)
0.70
0.71
0.58
0.61
0.59
0.61
0.68
0.69

Validity is the degree to which correct inferences can be made based on results
from an instrument. Validity depends not only on the instrument itself but also on the
instrumentation process and the characteristics of the group studied (Fraenkel & Wallen,
2009). Pearson (2011, 2013) reported several validity checks: (a) correlation among
competencies, (b) dimensionality analyses, (c) differential item functioning, and (d)
concurrent trend reports on the ACT. No threats to the validity of the assessment
instrument were determined.
Correlations among competencies were important because assessments measure
several competency strands in the same subject area. The correlation between
competencies was calculated by raw scores. Since competencies were from the same
subject area, a high correlation was assumed. However, too high a correlation was an
issue. Correlations were not interpreted as a percentage of the relationship between two
competencies, but as a point between -1 and 1. The closer the correlation is to either
value, the higher the correlation (Howell, 2010). The correlations between competencies
for Algebra I SATP2 test fell between 0.50 and 0.71. According to Pearson (2011, 2013),
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this was low enough to support the interpretation of each competency as measuring
something unique but also high enough to support their combination to produce the core
composite score. These correlations are reported in Table 9.
Table 9
Algebra I SATP2 competency correlations
Numbers & Operations
Dec 2009
April 2010
Dec 2010
April 2011
Dec 2012
May 2013
Dec 2013
May 2014
Algebra
Dec 2009
April 2010
Dec 2010
April 2011
Dec 2012
May 2013
Dec 2013
May 2014
Geometry
Dec 2009
April 2010
Dec 2010
April 2011
Dec 2012
May 2013
Dec 2013
May 2014
Measurement
Dec 2009
April 2010
Dec 2010
April 2011
Dec 2012
May 2013
Dec 2013
May 2014

Algebra

Geometry

Measurement

Data &Probability

0.62
0.71
0.65
0.69
0.65
0.65
0.68
0.67

0.48
0.57
0.59
0.56
0.52
0.49
0.52
0.53

0.53
0.61
0.61
0.57
0.57
0.52
0.49
0.54

0.49
0.59
0.56
0.58
0.51
0.53
0.57
0.58

1
1
1
1
1
1
1
1

0.61
065
0.66
0.66
0.65
0.65
0.69
0.68

0.65
067
0.64
0.65
0.67
0.71
0.63
0.68

0.59
065
0.60
0.65
0.57
0.60
0.68
0.68

1
1
1
1
1
1
1
1

0.53
0.59
0.59
0.55
0.58
0.62
0.50
0.59

0.45
0.53
0.56
0.54
0.48
0.50
0.56
0.58

1
1
1
1
1
1
1
1

0.51
0.53
0.55
0.53
0.48
0.52
0.51
0.57
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SATP2 assessments were assumed to be relatively unidimensional. This means
that items on an assessment measured basically the same proficiency in a certain
academic area. Pearson (2011, 2013) conducted a principal component analysis to
determine underlying components. Each component was given an associated eigenvalue.
Eigenvalues are considered to be significant when they are greater than 1 (Hair et al.,
2010). The eigenvalues from this analysis are reported in Table 10. In all four
assessments considered, the majority of the load was on the first factor.
Table 10
Algebra I SATP2 principal component analysis
Dec 2009
April 2010
Dec 2010
April 2011
Dec 2012
May 2013
Dec 2013
May 2014

1
8.71
10.03
9.28
9.74
8.71
9.58
9.13
9.03

2
1.91
1.68
1.70
1.94
1.68
2.05
1.8
1.63

3
1.46
1.28
1.51
1.46
1.38
1.38
1.49
1.45

The next analysis used differential item functioning statistics to correlate student
performance levels with six demographic categories.
Differential item functioning statistics are used to identify items on which
members of a focal group have a different probability of getting the items correct
from members of a reference group after members of both groups have been
matched by the students’ ability on the test. (Pearson, 2011, p. 83)
The three most relevant demographics for this research are reported in Table 11.
Demographic variables should be no more than moderately correlated. The correlation for
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Title I students varied from a moderately negative to a negligible relationship. There was
moderate negative correlation for economically disadvantaged students, while the
correlation for special education students was strongly negative.
Table 11
Algebra I SATP2 differential item functioning statistics
Dec 2009
April 2010
Dec 2010
April 2011
Dec 2012
May 2013
Dec 2013
May 2014

Title I
-0.26
-0.15
-0.30
-0.23
-0.15
-0.25
-0.13
-0.12

Economic Disadvantage
-0.32
-0.34
-0.31
-0.36
-0.30
-0.37
-0.32
-0.36

Special Education
-0.25
-0.55
-0.45
-0.53
-0.60
-0.57
-0.58
-0.56

A concurrent validity check was performed for the SATP2 assessments in
reference to the trend of students’ progress on the ACT. The researcher concluded that
the percentage of proficient students on the Algebra I SATP2 assessment mirrored the
fluctuations in the state and national ACT trend, suggesting the two tests were measuring
a similar construct. In general, higher performance on the Algebra I SATP2 indicated
higher performance on the ACT in mathematics (Pearson, 2011, 2013).
Based on the many precautions made by the MDE to ensure the reliability and
validity of the high-stakes Algebra I SATP2 assessment, the state district quantitative
data were appropriate for this research. The research questions considered the influence
of the MDE (2011) policy change with respect to individual school districts.
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Procedures
The purpose of this research was to examine scale scores obtained from the
Algebra I SATP2 high-stakes assessment. Data for this research were accessed and
downloaded via the MDE website. The data consisted of state, district, and school mean
scores on the Algebra I SATP2 for the 2009-2010, 2010-2011, 2012-2013, and 20132014 school years. In addition, the MDE reported the percentage of students who passed
the Algebra I SATP2 as well as the percentage of students scoring at each performance
level. These assessments had equivalent components for both years of testing, and the
same scoring methods were applied. All Mississippi schools were required to follow
standard operating procedures when administering the Algebra I SATP2. This research
did not pose any threats to the participants because test-takers were anonymized and only
publicly available information was used. Therefore, the research did not require IRB
approval.
Data Analysis
Data analysis is the process of simplifying data in order to make it
understandable. The first step of data analysis for causal-comparative research is to
calculate the descriptive statistics (Fraenkel & Wallen, 2009). These statistics were used
to organize and describe the data in order to obtain a description of the population before
running the data analysis for each research question. All statistical analyses were
computed using SPSS statistical software. A chi-square test for association was used to
examine research questions one and two while a mixed ANOVA was used for research
question three.
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Chi-Square Test for Association
The chi-square test for association determines if two categorical variables are
associated. Student data (N = 140,157) were used for this analysis. The state-level data
reported the number of students who passed the SATP2 for Algebra I as well as the
percentage of students in each performance category. Prior to analysis, the performancelevel percentages were converted to actual student numbers. The chi-square test for
association has three assumptions. The first assumption is that there are two variables that
are measured at the categorical level. For research question one, the two categorical
variables were Algebra I SATP2 (pass, fail) and graphing calculator program use (with,
without). For research question two, the two categorical variables were performance level
(minimum, basic, proficient, advanced) and graphing calculator program use (with,
without). The next assumption was that all cells should have expected counts greater than
five. Table 12 reports these counts for each variable. Since all assumptions were met, the
chi-square test for association was appropriate for the data and the analysis performed
using SPSS.
Table 12
Assumption 2 expected cell counts
With
Without

Pass
58,755.7
57,861.3

Fail
11,860.3
11,679.7

Minimum
6,069.7
5,977.3

Basic
11,469.3
11,294.7

Proficient
31,398.0
30,920.0

Advanced
21,679.0
21,349.0

Two-way Mixed ANOVA
A two-way mixed ANOVA was used to address research question three. Schoollevel data (N = 1,020) were used. Mixed ANOVA compares mean differences that have
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been split on two independent variables: a between-subjects factor and a within-subjects
factor. For this research, the within independent variable was graphing calculator
program use (with, without) and the between independent variable was type of school
(regular, Title I).
The MDE did not distinguish between the types of schools on the public report.
The researcher requested a list of all Title I schools from the MDE for the research years
under consideration (Ransburg, personal communication, Dec 15, 2015). Ransburg
worked for the MDE in the Office of Program Evaluation and Public Reporting.
This information was used to filter the data into the two groups: regular and Title
I schools. Schools that did not maintain their regular or Title I school status for all four of
the research years were eliminated from the data prior to analysis. In the with-calculator
programs group, there were 382 regular schools and 357 Title I schools. The withoutcalculator programs group contained 328 regular schools and 402 Title I schools.
However, after eliminating schools that did not maintain their regular or Title I school
status, 255 schools remained per year. This left 312 Title I schools and 198 regular
schools for both the with- and without-graphing calculator programs groups. These totals
are reported in Table 13.
Table 13
SATP2 school types
School Year
2009-2010
2010-2011
2012-2013
2013-2014

Regular
188
194
170
158

Title I
179
178
201
201

Filtered Regular
99
99
99
99
54

Filtered Title I
156
156
156
156

A two-way mixed ANOVA has eight assumptions. The first three assumptions
relate to the study design and measurements. Assumption 1 is that there is a dependent
continuous variable. Assumption 2 is that there is one categorical between-subjects factor
with two or more categories. Assumption 3 is that there is one categorical within-subjects
factor with two or more categories.
The remaining assumptions relate to how the data fits the two-way mixed
ANOVA model. Assumption 4 is that there should be no homogeneity of variances
meaning there should be no significant outliers in any cell of the design. Assumption 5 is
that the dependent variable should be approximately normally distributed. Assumption 6
is that there should be homogeneity of variances meaning the dependent variable should
be equal between the groups of the between-subjects factor. Assumption 7 is that there
should be homogeneity of covariances. Assumption 8 is that sphericity is met.
The data for this research met only four of the assumptions: one dependent
variable, one within-independent variable, one between-independent variable, and
sphericity. Since the data were positively skewed, square root, log 10, and inverse
transformations were performed on the data. The researcher also removed outliers based
on a box-plot. Table 14 reports which transformations met which assumptions.
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Table 14
Assumptions met for data transformations

Outliers
Included

Outlier
Removed

4
Scores SRE
Fail
Fail

5

6

7

8

Fail

Fail

Fail

Pass

Square
Root
Log 10

Fail

Fail

Fail

Fail

Fail

Pass

Fail

Fail

Fail

Fail

Fail

Pass

Inverse

Fail

Fail

Fail

Pass

Fail

Pass

Data

Fail

Pass

Fail

Fail

Fail

Fail

Square
Root
Log 10

Fail

Pass

Fail

Fail

Fail

Fail

Fail

Pass

Fail

Fail

Fail

Fail

Inverse

Fail

Pass

Fail

Fail

Fail

Fail

Data

Based on the table, there was not a clear choice for which data to analyze for the
results. Thus, the researcher determined by visual inspection of the data histograms which
set of data looked the most normally distributed. These histograms are included in the
Appendix F. The data set including outliers with a Log 10 transformation was selected
for this analysis and will be reported in Chapter IV. All statistical output for this
transformation was calculated in SPSS and is included in the appendix. Each of the
assumptions will be discussed next based on the Log 10 transformation of the data.
The first three assumptions related to the study design and measurements and
were met. A two-way mixed ANOVA was conducted to examine the effects of the
within-independent variable, graphing calculator program use (with, without) and the
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between-independent variable, type of school (regular, Title I), on the dependent variable,
Algebra I SATP2 score.
The remaining assumptions related to how the data fit the two-way mixed
ANOVA model. Assumption 4 is that there should be no homogeneity of variances. This
means that there should be no significant outliers in part of the design. There were 13
outliers in the data, as assessed by inspection of a boxplot for values greater than 1.5 boxlengths from the edge of the box. One of these outliers was an extreme outlier, meaning
that it was more than three box-lengths away from the edge of the box (see Figure 3).
Follow-up analysis using residual data was performed to further test for outliers.
Examination of studentized residuals revealed three outliers: -6.93, -3.87, and 3.05.
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Figure 3.

Log 10 transformation box-plot.

The three reasons for an outlier are data entry, measurement errors, and genuinely
unusual values. The researcher found no data entry errors and assumed that the MDE did
not report measurement errors in the school mean scale scores. Thus, the outliers were
genuinely unusual values. To determine if the outliers should be included in the analysis,
the researcher ran the two-way mixed ANOVA with and without outliers. The results of
each analysis did not differ sufficiently.
Assumption 5 was that the dependent variable should be approximately normally
distributed. The SATP 2 Algebra I scores for this data were not normally distributed as
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assessed by Shapiro-Wilk’s. Follow-up analysis was performed using residual data
analysis. By checking the residuals for normality using a Normal Q-Q Plot, the data were
not normally distributed (see Figures 4 and 5).

Figure 4.

Normal Q-Q plot of log 10 with programs.
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Figure 5.

Normal Q-Q plot of log 10 without programs.

The three options for handling data that are not normally distributed are transform
the data, run the analysis regardless, or run test comparisons. The data for this analysis
was transformed and determined by visual inspection to be the most normally distributed.
No nonparametric alternatives to a two-way mixed ANOVA exist. Therefore, the
researcher chose to run the analysis even though it violated the normality assumption.
Assumption 6 is that there should be homogeneity of variances. A mixed
ANOVA assumes that there are equal variances between the categories of the between
factor (school type), at each category of the within-subjects factor (graphing calculator
program use) for the dependent variable (SATP 2 Algebra I score). The Algebra I SATP2
scores with calculator programs had homogeneity of variances, as assessed by Levene’s
test of homogeneity of variance (p> .05). However, the Algebra I SATP2 scores without
calculator programs did not have homogeneity of variances (p = .044). The only option
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for addressing failure of this assumption was to transform the data. Since this data had
already been transformed, the researcher chose to proceed with the analysis with the
assumption of homogeneity of variances violated.
Assumption 7 is that there should be homogeneity of covariances. This
assumption was violated, as assessed by Box’s test of equality of covariance matrices (p
< .001). To account for violation of this assumption, the analyses could be separated into
repeated measures ANOVAs for each group. However, that did not interpret an
interaction term. For this research, the assumption violation was noted and a mixed
ANOVA was conducted anyway. Assumption 8 is that sphericity is met. For this data, the
assumption was assumed because there were only two levels of repeated measures.
Covariance Measures
Covariance is a number that shows the degree to which two variables vary
together (Howell, 2010). For this research, covariance was calculated to control for
internal validity because is possible that the two comparison groups were at different
maturation levels or one of the groups could have a higher ability level. To determine if
student data from the research years under consideration were comparable, a covariance
statistic was calculated and reported in Chapter 4.
The covariance measure calculated for this research compared the eighth-grade
MCT2 mathematics mean scale score and the Algebra I SATP2 mean scale score. The
eighth-grade MCT2 in mathematics was taken by all eighth graders; however the Algebra
I SATP2 was not taken by all ninth graders, even though Algebra I was the subsequent
course. The Algebra I SATP2 scores were from a mixture of students in eighth through
twelfth grade. So the students represented by the eighth grade scores for 2009-2010 do
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not necessarily correspond to the students represented by the Algebra I scores for 20102011.The same is true for all years considered in the covariance analysis. Given this
limitation, the researcher believed using a covariance measure to control for outside
variables that might have influenced the data was still appropriate.
Table 15
Covariance measure
Year
Eighth Grade Mean Score Algebra I Mean Score
2007-2008
148.3
652.2
2008-2009
149.6
653.2
2009-2010
151.5
654.5
2010-2011
153.2
656.5
2011-2012
153.7
655.3
2012-2013
154.6
656.3
2013-2014
153.1
655.2

Ideally, the covariance measure would have been incorporated as supplement to
the ANOVA for research question three. The covariance measure would have served as a
control variable for the ANOVA. To perform this type of analysis required a one-to-one
relationship between all eighth grade MCT2 and all Algebra I SATP2 scores.
Unfortunately, a one-to-one relationship did not exist. Some districts have the eighth
grade students and Algebra I students on the same campus. Some districts have one
middle school that feeds directly into one high school. In both of these cases, there is a
one-to-one relationship with eighth grade MCT2 and Algebra I SATP2 scores. However,
this is not always the case.
Some districts have one middle school that feed into multiple high schools. Some
districts have multiple middle schools that feed into one high school. In both of these
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cases, the relationship between the eighth grade MCTs and Algebra I SATP2 scores is
not one-to-one. Of the 255 schools considered in research question three, only 39 schools
had a one-to-one relationship between the eighth grade MCT2 and Algebra I SATP2
scores. The researcher did not believe that 39 schools, only 15% of the considered
population, were enough to include covariance as part of the ANOVA for research
question three. Thus, the covariance measure was used as an independent analysis
measure to show the years considered were comparable.
Internal Validity
According to Fraenkel and Wallen (2009), threats to internal validity impact the
degree to which observed differences on the dependent variable can be said to be directly
related to the independent variable and not caused by some other controlled variable.
When conducting causal-comparative research, the groups could potentially not be
comparable on some of the important variables, such as subject characteristics. This
research was no exception. Threats to validity based on subject characteristics were
considered and controlled for when possible.
One consideration was the testing environment. The location where the Algebra I
SATP2 testing occurred and the individuals who administered the test could possibly be
related to the causal variables. The MDE mandates standard operating procedures for the
administration of all SATP2 assessments. The operating procedures define secure testing
environments as well as procedures for maintaining the validity and integrity of the
assessment. The researcher believed that these procedures provided a control for this
threat.
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Another way internal validity threats were controlled by creating homogeneous
subgroups. In addition to considering all student data for the state, Title I schools were
also considered for a portion of the research. As part of the Elementary and Secondary
Education Act (1965), Title I schools receive additional funding based on their high
percentage of students from low-income families. This means that the students from the
Title I schools had a higher incidence of belonging to a low-income family than students
in regular schools.
External Validity
According to Fraenkel and Wallen (2009), threats to external validity impact the
degree to which data analysis results can be generalized to groups beyond the research
setting. The data used in this research were collected in a high-stakes testing situation in
one state. Thus, the results would only be applicable in similar situations. Since data were
only gathered from one state, careful consideration about requirements and expectations
would need to be taken before results were generalized across states or regions. The same
is true for other high-stakes tests. Generalization may be appropriate, but careful
consideration should be given before drawing conclusions. Moreover, the high-stakes
testing environment presented in this study could mean that the results may not be
generalizable to everyday classroom instructional environments.
The overall research design may have impacted the internal and external validity
of this research. Both groups of participants used in the research were non-random.
Further, the participants were required by state law to take and pass the Algebra I SATP2
in order to be eligible to receive a high school diploma. Based on these considerations,
the researcher believed that the described design was the most effective and appropriate
64

for exploring the impact of the MDE 2011-2012 policy change for graphing calculator
program use on the Algebra I high-stakes assessment.
Summary
The purpose of this research was to analyze whether there was an influence of the
MDE’s 2011-2012 calculator policy change on Mississippi’s Algebra I SATP2
assessment results for students, school districts, and disadvantaged groups. The policy
change restricted the use of graphing calculator programs on the state test. Such
calculator programs had been allowed for all previous years in which the test was
administered. Specifically, the researcher sought to determine if there was a statistically
significant difference between scores on the Algebra I SATP2 test in Mississippi for
students who were allowed to use graphing calculator programs and those who were not.
Both sets of data are comparable to the extent that the teaching objectives and time frame
for covering them were the same.
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RESULTS
The MDE’s 2011-2012 calculator policy change created a unique opportunity for
investigating Mississippi’s Algebra I SATP2 data. The policy change restricted the use of
graphing calculator programs on the state test. Such calculator programs had been
allowed for all previous years the test was administered. The data for this research were
obtained from the MDE. Student- and school-level data for the school years 2009-2010,
2010-2011, 2012-2013, and 2013-2014 were considered. The data for 2009-2010 and
2010-2011 represented students who were allowed to use the graphing calculator
programs. The data for 2012-2013 and 2013-2014 represented students who were not
allowed to use the graphing calculator programs.
Covariance Measures
Covariance is a number that shows the degree to which two variables vary
together (Howell, 2010). Chi-square analysis, which was used to answer research
questions one and two, did not control for covariance among variables. There was also no
way to include a covariance measure to answer research question three. To determine if
student data from the years under consideration were comparable, a covariance statistic
was calculated independently. The covariance measure calculated for this research
compared the eighth-grade MCT2 mathematics mean scale score and the Algebra I
SATP2 mean scale score from the 2007-2008 to 2013-2014 school years. Thus, all years
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that the MCT2 and SAPT2 were administered in Mississippi are represented. The
covariance statistic was 2.98. However, the covariance measure by itself only showed
that two variables varied together. To obtain a better understanding of how they varied,
Pearson’s correlation coefficient was calculated. The eighth-grade MCT2 mathematics
mean score and the Algebra I mean score had a strong positive correlation Pearson’s
r(12) = .95, p < .001. Based on the covariance measure, the researcher believed the data
were appropriate for examining the research questions. The descriptive statistics and the
data analysis are reported next for each research question.
Research Question One
The first research question considered whether the MDE’s 2011-2012 graphing
calculator policy significantly changed the percentage of students who passed the
Mississippi Algebra I SATP2. To answer this question, the researcher used student-level
data (N = 140 157). Even though individual student scores were not released to the
public, the MDE did release mean scale scores by state, district, and school. The MDE
also released the number of students who took and passed the Algebra I SATP2. The
frequency distributions for these data were calculated and are reported in Table 16. The
passing percentage for students who had access to graphing calculator programs was
82.5% while the percentage of students who did not have access to programs was 84.0%.
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Table 16
Algebra I SATP2 students tested and success
School Year
2009-2010
2010-2011
2012-2013
2013-2014

Tested
36,113
34,503
33,223
36,318

Passed
28,754
29,477
28,305
30,081

Failed
7,359
5,026
4,918
6,237

A chi-square test was conducted between the independent variable (graphing
calculators with or without programs) and the dependent variable (scores of pass or fail
on the Algebra I SATP2). All cell frequencies were greater than five. A statistically
significant association between the use of graphing calculator programs and a student’s
ability to pass the Algebra I SATP2 was found, X2(1, N = 140,157) = 56.2, p < .0005.
Thus, the null hypothesis was rejected and the alternative hypothesis was accepted. The
chi-square test yielded a statistically significant result. Students using the graphing
calculator programs had a significantly lower pass percentage than students who were not
allowed to use the graphing calculator programs.
Research Question Two
The second research question focused on whether the MDE’s 2011-2012 graphing
calculator policy significantly changed the percentage of students performing at each of
the four performance levels (minimal, basic, proficient, advanced) on the Mississippi
Algebra I SATP2. This question was also answered using student-level data (N = 140
157). The MDE released the percentage of students scoring in each of the four
performance categories: minimum, basic, proficient, and advanced. The frequency
distributions for this data were calculated. The number of students scoring in each
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performance category is reported in Table 17. For students with access to graphing
calculator programs, the percentage who scored at the minimal, basic, proficient, and
advanced levels were 10%, 17%, 42%, and 31%, respectively, while students without
access scored 8%, 16%, 47%, and 30%, respectively.
Table 17
Algebra I SATP2 data description performance levels
School Year
2009-2010
2011-2012
2012-2013
2013-2014

Minimum
4,261
2,519
2,326
2,942

Basic
6,464
5,451
4,917
5,931

Proficient
14,915
14,974
15,349
17,080

Advanced
10,473
11,559
10,631
10,365

A chi-square test was conducted for the between-independent variable (graphing
calculator program use) and the dependent variable (student performance level). All cell
frequencies were greater than five. The association between the use of graphing
calculator programs and a student’s performance level on the Algebra I SATP2 was
statistically significant, X2(3, N = 140,157) = 360, p < .0005. Thus, the null hypothesis
was rejected and the alternative hypothesis accepted. The chi-square test yielded a
statistically significant result.
The performance levels of students who were allowed access to graphing
calculator programs scored one to two percentage points higher than students who were
not allowed access to graphing calculator programs for minimum, basic, and advanced
performance levels. However for the proficient performance level, students who were not
allowed access to graphing calculator programs scored five percentage points higher than
students who were allowed access to graphing calculator programs. These results
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influence the school’s QDI.The average QDI score for schools with and without graphing
calculator program use are displayed in Table 18. The QDI for schools with access to
graphing calculator programs was 6 points lower than schools without access to graphing
calculator programs.
Table 18
QDI calculations for schools
With GCP
Without GCP

Basic Proficient Advanced QDI
17
2 x 42
3 x 31
194
16
2 x 47
3 x 30
200

Research Question Three
The third research question was whether the MDE’s 2011-2012 graphingcalculator policy significantly changed scores on the Mississippi Algebra I SATP2 in
Title I schools in Mississippi. For this question, the researcher analyzed students’ mean
scores at the school level (N = 1,020) and grouped data by the school type: regular or
Title I. The descriptive statistics were calculated from school-level data and included the
range, mean, standard deviation, and variance. All statistics calculated for the Algebra I
SATP2 decreased for regular schools and Title I schools when graphing calculator
programs were prohibited. The largest decrease was the range for Title I school which
dropped 38.4 points.
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Table 19
Descriptive statistics of pass percentages
Regular With GCP
Regular Without GCP
Title I With GCP
Title I Without GCP

N
198
198
312
312

Range
35.3
31.3
68.9
30.5

M
659.92
659.33
655.93
655.91

SD
6.6
6.2
7.5
5.5

Variance
43.8
38.8
56.6
29.9

A two-way mixed ANOVA was conducted to examine the effects of the withinindependent variable, graphing calculator program use (with, without), and the betweenindependent variable, type of school (regular, Title I), on the dependent variable, Algebra
I SATP2 score. After a log 10 transformation, the data met four of the eight assumptions
of ANOVA which were discussed in Chapter III.
The interaction effect between graphing calculator program use and the type of
school on Algebra I SATP2 scores revealed no statistically significant interaction, F(1,
508) = 1.888, p = .170, partial η2 = .004. Therefore, the null hypothesis was accepted and
the analysis of the main effect for graphing calculator program and school type was
calculated. The main effect for graphing calculator program use was not statistically
significant, F(1, 508) = 1.865, p = .173, partial η2 = .004. The main effect for school type
showed a statistically significant difference existed between the Algebra I SATP2 scores
for regular and Title I schools, F(1, 508)=45.030, p<.05, partial η2=.081. Pairwise
comparison revealed regular schools were associated with a mean difference score, .002,
95% CI [.002, .003] higher than Title I schools, a statistically significant difference, p <
.001. This was the only statistically significant result for research question three.
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Discussion
The 2011-2012 graphing calculator policy change created a unique opportunity in
Mississippi to provide valuable information about the influence of graphing calculator
programs on high-stakes assessments. Gaining insight about how the use of graphing
calculator programs affected assessment results in the past will give policy makers
needed information for creating equitable assessment policies in the future. Currently,
limited research exists to address the influence of graphing calculator program use on
high-stakes assessments. The programming capabilities of graphing calculators should
not be ignored.
Review of Literature
The Kentucky Department of Education (2014) determined if students who used
Zoom Mathematics were at an unfair advantage on the ACT’s Compass Assessment. The
research concluded that students could be considered college ready by correctly using the
Zoom Math graphing calculator programs. However, this research design did not analyze
actual student scores. Conclusions were based on the work of four research consultants.
The current research used student data to determine that there was a significant difference
between the students who passed the Algebra I SATP2 with and without the use of
graphing calculator programs. Students who were allowed to use the graphing calculator
programs had significantly lower pass percentages than students who were not allowed to
use the programs. Thus, students who used the programs were actually at a disadvantage.
Spencer (2013) also investigated the graphing calculator program policy change
in Mississippi. Her research concluded that students who were not allowed to use
graphing calculator programs scored statistically higher than students who were allowed
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to use the programs. The results of the current research were consistent with Spencer
(2013). Spencer’s (2013) research design only represented students from one high school
and only considered scores from two years. The current research used student-level data
over four years for the entire state of Mississippi. The consistent results imply that
Spencer’s (2013) results are generalizable to the entire state.
Another aspect of Spencer’s (2013) research considered the influence of a
student’s ethnicity, either Caucasian or other, on their Algebra I SATP2 score in relation
to the graphing calculator program policy change. The results of a two-way ANOVA
indicated a significant main effect for both the use of programs and ethnicity; however,
there was not a statistically significant interaction between them. The current research did
not look specifically at ethnicity because the data set was for schools. Schools are not
assigned an ethnicity. Instead the disadvantaged students were defined by attending a
Title I school. There was no significant interaction effect between graphing calculator
program use and type of school on the Algebra I SATP2 scores. These results were
somewhat consistent with Spencer’s (2013) research and will be discussed in Chapter V.
Theoretical Framework
This research is framed by Mishra and Koehler’s (2006) TPACK, Neisse et al’s.
(2009) TPACK for mathematics, and Ball and Stacey’s (2005) research on the judicious
use of technology in mathematics. The results are discussed in reference to all three.
TPACK (Mishra & Koehler, 2006) is a teacher’s understanding for how technology and
content are related. Allowing students to use technology to answer questions from
previously mastered content standards is appropriate, but it is not appropriate for content
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standards that are currently being assessed. This seemed to be the case with the use of
graphing calculator programs on the Algebra I SATP2.
To give further explanation, Neisse et al’s (2006) TPACK for mathematics
specifies how inappropriate use of technology may introduce validity threats to
assessment results. Prior to 2011, graphing calculator programs were available for use on
the Algebra I high-stakes assessment in Mississippi. However, whether the graphing
calculator programs allowed students to understand higher levels of mathematics or to
simply obtain correct answers is unclear. Careful decision-making must be implemented
about use of technologies such as graphing calculator programs. Based on the results of
this research, graphing calculator programs significantly influenced students’ scores on
the Algebra I SATP2.
Research Rationale
Like Kentucky, Mississippi made the decision to restrict the use of graphing
calculator programs on high-stakes assessments. The decision is important and may have
implications for other high-stakes assessments, such as the ACT. As of 2016, the
calculator policy for the ACT restricts the type of calculator used on the test but does not
address programs or applications loaded on the calculators. Programs are available that
essentially turn an approved calculator into a prohibited calculator. Gaining insight about
how the use of graphing calculator programs has affected assessment results in the past
will give policy-makers needed information for creating equitable assessment policies in
the future.
Based on the results of the current research, graphing calculator programs had a
significant influence on some aspects of student performance on the Algebra I SATP2.
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Students were more likely to pass the Algebra I SATP2 and schools had a higher QDI
without access to graphing calculator programs. However, there was not an interaction
between graphing calculator program use and the type of school on a school’s average
Algebra I SATP2 score. Nor was there a statistically significant main effect for graphing
calculator program use. Implications and conclusions for these findings are discussed in
Chapter V.
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CONCLUSIONS
Summary
This research began with a vignette about third-grade students using calculators
on a timed multiplication quiz. The point of the vignette was to give a frame of reference
for defining the problem of graphing-calculator program use-considered by this research.
Graphing-calculator programs have been used to complete high-stakes tests as well as
teacher-created assessments at the secondary and college level for many years. These
programs are even used on college-placement tests such as the ACT. Usually certain
types of calculators are prohibited on these tests, but no restrictions are made regarding
the types of programs that can be loaded onto the calculators. Further, little research
exists as to how the graphing calculator programs may influence test scores. The
programming capabilities of graphing calculators should not be ignored. Because of the
2011-2012 graphing calculator policy change, a unique opportunity existed in Mississippi
to provide valuable information about this topic.
The theoretical framework and review of the literature gave further clarification
for the problem by linking it to recent educational research and explaining how the use of
calculators has progressed with the advancement of calculator technologies. Further
research was needed to determine (a) if there was an influence of graphing calculators on
high-stakes assessments and (b) determining if graphing calculators’ capabilities may
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present validity threats for assessments. To address these concerns, an appropriate
research design for analyzing the Mississippi Algebra I SATP2 results was developed and
reported. To conclude, a summary of the previous four chapters will be given followed by
implications and conclusions of this research.
The NCTM (1980, 2000, 2011) has consistently advocated for the use of
calculators in the classroom to promote students’ problem-solving skills, higher-order
thinking, and reasoning. However, concerns about the effectiveness of calculators are a
topic that has yet to be resolved. Over the years, calculators have advanced from simple
four-function machines to graphing calculators with programming capabilities. A gap in
the literature exists about the influence of graphing calculator programs on assessments.
Policy makers should ensure that the use of powerful technological resources on highstakes assessments is equitable for all students.
Research has shown that students taught with graphing calculators consistently
out perform students without access to graphing calculators (Ellington, 2006).
Interestingly for this research, students without access to graphing calculator programs
performed better. The failure of these results to support what previous research has
consistently determined implies that the MDE’s concern about graphing calculator
program use was justified. It seems that the MDE made the correct decision by restricting
the use of graphing calculator programs.
Neisse et al. (2009) developed the TPACK for mathematics model for using
technologies such as calculators in the classroom. In addition, Ball and Stacey (2005)
developed teaching strategies for encouraging judicious technology use to promote
careful decision-making. Both of these provide teachers with guidelines for effectively
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incorporating technology to enhance mathematics instruction. Given a lack of research,
these frameworks do not specifically address graphing calculator programs. However, the
implications and conclusions of this research may add to the gap. More information need
about the best instructional practices for incorporating specific technologies such as
graphing calculator programs.
Recent research has shown that the use of graphing calculator programs on
assessments to be a potentially problematic issue (Kentucky Department of Education,
2014; Spencer, 2013). The Kentucky Department of Education made the decision to
prohibit the use of graphing calculator programs on assessments that were used to
determine students’ readiness for college-credit bearing courses (Kentucky Department
of Education, 2014). Spencer’s (2013) research on the influence of graphing calculator
programs concluded that students should not be allowed to use graphing calculator
programs until they have mastered concepts, and the use of programs on high-stakes tests
should be limited and implemented with caution. To further research the influence of
graphing calculator programs, data from Mississippi’s Algebra I SATP2 high-stakes
assessment were analyzed.
Beginning in the 2011-2012 school year, the MDE decided to no longer allow the
use of graphing calculator programs on Mississippi’s Algebra I SATP2. A causalcomparative research design was used to determine the influence of the policy change on
three groups: students, schools in general, and Title I schools in particular. Student- and
school-level data from the 2009-2010, 2010-2011, 2012-2013, and 2013-2014 school
years were compared. A covariance statistic between the eighth grade MCT2
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mathematics mean scale score and the Algebra I SATP2 mean scale score was calculated
to confirm that the student data from the aforementioned research years were comparable.
A chi-square test for association was used to examine the student-level data
associated with research questions one and two. This analysis explored the influence of
the graphing calculator policy change on students’ ability to pass and their performance
level on the Algebra I SATP2. The results for both of the chi-square analyses indicated
significant results. For research question three, a two-way mixed ANOVA was used to
examine the influence of the policy change on Title I schools. For this analysis, Title I
schools represented disadvantaged populations. The results indicated no interaction
between graphing calculator program use and type of school on Algebra I SATP2 scores.
However, there was a main effect for the school type that indicated regular schools’
scores were significantly higher than scores for Title I schools, but there was not a main
effect for graphing calculator programs. No main effect for graphing calculator programs
seems to contradict the findings of research questions one and two which indicated
students’ ability to pass and their performance levels were significantly influenced by the
use of programs. This contradiction will be addressed further in the discussion and
implications of the results.
Discussion of Results
Research Question One
Through research question one, the researcher examined whether the MDE’s
2011-2012 graphing calculator program policy change significantly influenced the
percentage of students who passed the Algebra I SATP2. This analysis used student-level
data for the entire state. Since this assessment is part of the requirement for high school
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graduation in Mississippi, this question addresses the influence of the policy change on
students. Students who were not allowed to use graphing calculator programs had a
significantly higher pass rate than those students who were allowed to use graphing
calculator programs on the Algebra I SATP2.
The findings from research question one was not consistent with all previous
research about the use of graphing calculator programs on high-stakes assessments
(Kentucky Department of Education; Spencer, 2013). The Kentucky Department of
Education (2014) concluded that students using graphing calculator programs were at an
advantage to pass the ACT’s Compass Assessment. The current research found that
students using graphing calculator programs were at a disadvantage to pass the Algebra I
SATP2. One possible explanation for the inconsistency in the results is that the data used
for this research was student-level data from four different years. In their study, the
Kentucky Department of Education (2014) actually created a set of data using the
knowledge and expertise of consultants. Thus, their conclusions were based on a best- or
worst-case scenario rather than actual student data.
Another possible explanation for the inconsistency in results could be that
Algebra I teachers in Mississippi were ineffectively incorporating the graphing calculator
programs into their instruction. Teachers and students were allowed access to the
graphing calculator programs, but teachers may not have received adequate training on
the intent of the programs. According to the MDE, the graphing calculator policy change
was made because students were relying on the programs to perform calculations. Given
this concern, instruction in the classroom may have also focused on performing
calculations. Effective mathematics instruction balances the teaching of procedures with
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that of conceptual understanding and application. Conceptual understanding and
application are important because this allows students to recognize when and which
procedure is appropriate. If students were unable to identify the appropriate graphing
calculator program while completing the Algebra I SATP2, then access to the program
would have not been beneficial on the test.
The current research was consistent with Spencer’s (2013) findings that students
who were not allowed to use graphing calculator programs scored significantly higher
than students who were allowed to use the programs. Spencer’s study used student-level
data, but it was only for one school over the course of two years. Furthermore, Spencer’s
(2013) research considered the influence of the MDE’s graphing calculator program
policy change on student scale scores, not on whether a student passed or failed. Because
the current research could not access individual student scale scores for the entire state,
the research questions consider the percentage of students who passed the Algebra I
SATP2, as well as their performance level which is addressed by research question two.
The results of Spencer (2013) and the current research are not directly
comparable, but the implications are the same. Students scored better without the use of
graphing calculator programs. The consistency of these results implies that Spencer’s
findings were generalizable to the entire state of Mississippi. Given this implication, it is
conceivable that the results for this research may be further generalizable. The
generalizability of this research’s results will be discussed as part of the implications.
Research Question Two
Through research question two, the researcher examined whether the MDE’s
2011-2012 graphing calculator program policy change significantly influenced the
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performance level on the Algebra I SATP2. Similar to research question one, this
analysis used student-level data for the entire state. Since the Algebra I SATP2 is part of
Mississippi’s accountability model, this question addressed the influence of the policy
change on schools and school districts. The MDE’s policy change did significantly
influence students’ performance the Algebra I SATP2.
The influence was best described using the QDI formula. The average QDI score
for schools with the use of graphing calculator program was 194 while the average QDI
score for school without the use of graphing calculator programs was 200. On average, a
school’s QDI was 6 points higher when students were not allowed to use graphing
calculator programs. The largest influence was at the proficient level which increased by
5 percentage points when students were not allowed to use the graphing calculator
programs. The influence of the MDE’s graphing calculator policy change will be
discussed in association with each of the four performance levels.
The minimal performance level is not included in the QDI formula. Therefore, it
is not beneficial for schools to have students performing in this category. When graphing
calculator programs were allowed, 10% of students scored minimum. However when
graphing calculator programs were restricted, 7% of students scored minimum. The basic
performance level is included in the QDI but represents only one-sixth of the total score.
When graphing calculator programs were allowed, 17% of students scored basic.
However when graphing calculator programs were restricted, 16% of students scored
basic. This is only a decrease of one percentage point, but is still a decrease.
For the percentage of students to decrease in both the minimum and basic
performance level was beneficial for a school’s QDI score. According to the MDE, the
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graphing calculator policy change was made because students were relying on the
programs to perform calculations. A possible explanation for why fewer students scored
in the minimum and basic performance level is similar to the explanation provided for
research question one. After the programs were restricted, teachers and students could no
longer rely on these programs. Teachers may have been more intentional in teaching the
Algebra I objectives.
Pugalee (2001) concluded that all students should have access to technologies
such as graphing calculators so that students have opportunities to acquire skills in the
appropriate use and application of these learning tools. However, research has shown that
teachers of students from low socioeconomic backgrounds tend to focus on rote
memorization and the development of lower-level skills in mathematics (Davis & Martin,
2008; Lee, Smith, & Croninger, 1997; Lubienski, 2002; Weiss, 1994). It is possible that
the use of graphing calculator programs was a focus on memorization to obtain correct
answers rather than an opportunity to develop students’ conceptual understanding and
help them make connections for applications.
Cuevas (1995) determined that low performing students may not have had the
same learning opportunities in mathematics as students who are perceived to be more
capable (Cuevas, 1995). Unfortunately, the researcher for this dissertation has worked
with multiple Algebra I teachers and professional development leaders who were of the
opinion that lower level students were not able to learn the Algebra I objectives so just
teach them to use the graphing calculator programs. This research did not contain a
qualitative component which may have been able to determine if this was a common
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belief among Algebra I teachers. However, the results did determine that fewer students
performed in minimum and basic without the use of programs.
The proficient performance level accounts for one third of the QDI score. When
graphing calculator programs were allowed, 42% of students scored proficient. However
when graphing calculator programs were restricted, 47% of students scored proficient.
This an average increase of five percentage points when graphing calculator programs
were restricted. Proficient is the only performance level that increased without the use of
graphing calculator programs meaning other performance levels had to decrease. The
increases would be beneficial for schools if the only performance levels losing percentage
points were minimal and basic, but this was not the case. The advanced performance
level also decreased.
The advanced performance level accounts for one half of the QDI score. Thus, the
advanced performance level is the most beneficial for increasing a school’s QDI. When
schools want to increase their QDI, the focus is on moving students from minimum to
basic or basic to proficient or proficient to advanced. Even though schools want the
majority of their students scoring proficient or advanced, they would also do not want to
see a decrease in the percentage of students scoring advanced. A possible explanation for
why the advanced performance level decreased can be discussed in connection to the
Kentucky Department of Education (2014) research. The results of this research
determined that students who used graphing calculator programs were at an advantage to
pass the ACT’s Compass Assessment. These results were also based on the work of
consultants who assumed students always chose and used the correct graphing calculator
program.
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One of the advantages to programs is students are able to solve problems with
accuracy and efficiency because they do not have to memorize formulas, nor are they
likely to make careless errors in computation. Both of these advantages could explain
why the percentage of students scoring advanced decreased when graphing calculator
programs were restricted. Without the programs, a small percentage of students who prior
to the policy change had been able to correctly identify and use the programs were now
subject to using the incorrect formulas and making careless errors.
Research Question Three
Through research question three, the researcher examined whether the MDE’s
2011-2012 graphing calculator program policy change significantly influenced the
Algebra I SASTP2 scores at Title I schools in Mississippi. This analysis used schoollevel data for the entire state. Title I schools were specifically considered because they
represent students who are at risk of failing to meet state academic standards. This
population is important because the MDE’s policy change may have had a greater
influence on this already-disadvantaged group.
A two-way mixed ANOVA revealed no significant interaction effect between
graphing calculator program use and type of school on a school’s mean Algebra I SATP2
score. There was also no statistically significant main effect for graphing calculator
program use. However, there was a statistically significant main effect for school type
that indicated regular schools scored significantly higher than Title I schools.
The descriptive statistics for research question three were calculated from schoollevel data and included the range, mean, standard deviation, and variance. All statistics
calculated decreased for regular schools and Title I schools when graphing calculator
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programs were prohibited. The largest decrease was the range at Title I school which
decreased 38.4 points. The range for regular schools only decreased four points. A
possible explanation for the difference in range could be because of extreme outliers
within the data. Another explanation is there may exist equity issues within Title I
schools. Further research is needed to explain why the restriction of graphing calculator
programs resulted in such a large difference in the range of scores at Title I schools.
No interaction effect for the two-way mixed ANOVA is consistent with Spencer
(2013). Her research found no interaction effect between program use and student
ethnicity, while this research determined no interaction effect between program use and
school type. Both of the studies addressed disadvantaged groups. However, they were
defined by different variables because of the data sets used for analysis. Spencer defined
disadvantaged group at the student level by ethnicity, while this study defined it at the
school level by school type: regular or Title I. The results of Spencer (2013) and the
current research are not directly comparable, but the implications are the same. The
MDE’s graphing calculator program policy change did not have a greater influence on an
already-disadvantaged group. Given this consistency, it is possible that the results for this
research may be generalizable.
Inconsistent with Spencer (2013), this research determined no statistically
significant main effect for graphing calculator program use while Spencer did. One
possible explanation for the inconsistency in results is that the data used for this research
were school-level data for the entire state of Mississippi over four years, while Spencer
(2013) used student-level data from one school over two years. Spencer (2013) also
considered data from the year of the graphing calculator policy change. This may have
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introduced internal validity threats to the research and could help explain the
inconsistency in results.
No main effect for graphing calculator program use for research question three
also seems inconsistent with the results of research questions one and two. Research
question one determined that students who were not allowed to use graphing calculator
programs had a significantly higher pass rate than those students who were allowed to use
graphing calculator programs. Research question two determined that students who were
not allowed to use graphing calculator programs had a significantly different performance
level than those students who were allowed to use graphing calculator programs. Even
though the results at the student level seem to contradict results at the school level, the
implication is the same. Access to graphing calculator programs did not benefit student or
school results on the Algebra I SATP2. Possible explanations for why the results at the
student and school level were not consistent are offered next.
One possible explanation is that research questions one and two analyzed student
level data while research question three analyzed school level data. The student level data
analysis showed students’ ability to pass and their performance level on the Algebra I
SATP2. The school-level data analysis showed schools’ average scale scores. The
passing score for the Algebra I SATP2 is 647 and is a performance level of basic. It is
possible that there was not a significant change to student scale scores but that is
confidential data that could not be accessed by this research. Further research to explain
this inconsistency would require access to student level scale scores.
Another possible explanation is that the data used for research question three was
filtered to only include schools which maintained their regular or Title I status for all of
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the considered research years. Filtering the schools decreased the sample size by 449. It is
possible that the omitted scores could explain the inconsistency in results. Further
research may be appropriate on schools that do not maintain their regular of Title I
schools.
TPACK for Mathematics and Judicious Use
Another possible explanation for the results for all three research questions can be
offered through the TPACK for mathematics model (Neisse et al., 2009). As stated in
chapter two, this research was particularly interested in the TPACK for mathematics
theme of access. Access addresses issues such as whether students are allowed to use
technology, the obstacles to integrating technology, and how the availability of
technology makes higher levels of mathematics available for all students. Interestingly,
the results of research question one and two suggest that access to graphing calculator
programs kept students from higher levels of mathematics while the results of research
question three suggest that access provided neither an advantage or .a disadvantage to
schools.
Without qualitative data, it is difficult to draw firm conclusions about why access
to graphing calculator programs was not beneficial to students or schools. As previously
discussed, instruction in the classroom may have also focused on performing calculations
with the graphing calculator programs rather than understanding and applying the
mathematics. Another possibility was that teachers were not provided adequate
professional development for integrating the programs into instruction. Further research
is needed to identify obstacles in integrating the graphing calculator programs.
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Along with TPACK for mathematics, the judicious use of technology can add
explanation for the results of all three research questions. As stated in chapter two, the
particular teaching strategy related to judicious use of calculators that is important to this
research is to promote careful decision making about mental math, pencil-and-paper, and
technology approaches. The Algebra I high-stakes assessment in Mississippi is defined as
calculator neutral. This means that even though a calculator is allowed on the assessment,
there are no assessment items that require the use of a calculator to solve. However,
based on Ellington’s (2006) finding, students who used a graphing calculator on a highstakes assessment would be expected to score higher than students who did not. This was
not the case at the student level on the Algebra I SATP2. Students scored lower using the
graphing calculator program technolgy.
Implications
Limitations
Before stating recommendations for future research and the conclusions of this
research, some of the limitations of this research will be restated in connection to
implications. First, the limitations based on threats to internal validity are discussed. A
key limitation was that there is no way to determine how many students prior to the 20112012 school year actually used graphing calculator programs on the Algebra I SATP2.
The limitation was accepted based on the assumption that the MDE would not have made
a policy change if students were not using graphing calculator program. The significant
findings of this research at the student-level suggest that the graphing calculator programs
were having an influence on Algebra I SATP2 scores.
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Another important limitation was the influence of teachers’ experience and
content knowledge on student assessment results. Since the population sample for this
research considered all schools in Mississippi, the researcher accepted this limitation on
the assumption that such factors average out across the large population of this study.
However, there is the possibility that the significant results are influenced by teachers’
experience with the standards. The more experience teachers had with teaching the
Algebra I standards, the higher we would expect students’ scores to become. Further
research is needed to determine if the Algebra I SATP2 scores gradually increased year to
year and if that increase was consistent for all Algebra I teachers or only for those
teachers who regularly taught Algebra I for the entire span of the SATP2.
The limitations related to external validity are associated with how the results can
be generalized to groups beyond the research setting. The data used in the research were
originally collected for a high-stakes testing situation in one state. Thus, careful
consideration about requirements and expectations would be advisable before results are
generalized across states or regions. However, the consistency in results for this research
and Spencer (2013) build the case for generalizability.
Recommendations
Based on the results and limitations of this inquiry as well as existing research,
recommendations for policy makers and future research is discussed next.
Policy makers must ensure that access to technology is equitable for all students. Students
must have access to technologies such as graphing calculators so that they have
opportunities to acquire skills in the appropriate use and application of these learning
tools (Pugalee, 2001). However, the access should not come at the expense of learning.
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Students in Mississippi were put at a disadvantage because of their access to graphing
calculator programs. Based on the results of this research, the MDE made the correct
decision to restrict the use of graphing calculator programs on the Algebra I SATP2.
Similar restrictions may be appropriate in comparable testing situations.
Another issue related to graphing calculator program use is related to teachers’
ability to integrate graphing calculator programs into instruction. Students need a teacher
in the classroom who is able to make decisions using best practices related to technology
and assessment. Integrating technology must enhance, not replace, instructional strategies
that teach procedural skills while developing conceptual understandings and applications.
Future research is needed on the type of instruction that optimizes advanced technologies
such as graphing calculator programs. Along with researching instructional strategies,
identifying the types of professional development offered to teachers integrating
advanced technologies such as graphing calculator programs may provide insight to the
issue.
One interesting finding of this research was that the Title I scores range decreased
by 38.4 points while the range for regular schools only decreased four points. These
results imply that there may exist equity issues within Title I schools. Further research is
needed to explain why the restriction of graphing calculator programs resulted in such a
large difference in the range of scores at Title I schools. Another interesting finding of
this research was that there were significant results at the student level but not at the
school level. One possible explanation was that the student-level results were based on
students’ ability to pass the Algebra I SATP2 and their performance level while the
school-level results were based on average scale scores. Further research could determine
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the validity of these suggestions and may provide further insight to the issues with
teachers’ integration graphing calculator programs into their instruction.
Another possible explanation is that the data used for research question three was
also filtered to only include schools which maintained their regular or Title I status for all
of the considered research years. Filtering the schools decreased sample size by 449. It is
possible that the omitted scores could explain the inconsistency in results. Further
research may be appropriate on schools that do not maintain their regular of Title I school
status.
Conclusions
The current research was conducted to help close a gap in the literature by
addressing (a) the influence of graphing calculators programs on high-stakes assessments
and (b) graphing calculators’ capabilities that may present validity threats for
assessments. This was accomplished by considering the influence of the MDE policy
change to prohibit the use of graphing calculator programs on the Algebra I SATP2. The
policy change was considered with respect to three groups: students, schools in general,
and Title I schools in particular.
Previous research determined that the under- or over-use of calculators on
assessments decreased test scores, while judicial use of the calculator improved test
scores (Schueneman, Camara, Cascalla, Wendler, & Lawrence, 2002). Along with the
appropriate amount of use, Pearson (2010) found that using the appropriate type of
calculator and incorporating calculator use into the mathematics instruction optimized the
overall impact on assessments. However, the appropriate type of calculator is difficult to
define when considering the programming capabilities of graphing calculators. The
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judicious use of graphing calculators must ensure that better performance equates to
mastery of standards and not simply obtaining correct answers.
The results of this research concluded that access to graphing calculator programs
was not beneficial to students or schools on the Algebra I SATP2. What should have
allowed more students to pass the assessment actually did not. These results imply that
after the programs were restricted teachers in Mississippi were more intentionally
teaching the Algebra I objectives. This implication points to the teacher making the
biggest difference in the classroom, not a fancy calculator or its programs.
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MDE GRAPHING CALCULATOR PROGRAM POLICY CHANGE
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Beginning with the 2011–2012 school year, all formulas, applications, and/or programs
(including, but not limited to, Zoom Math/Zoom Algebra) must be disabled or removed
from the calculators to be used by students during the SATP2 Algebra I exam for firsttime test takers. The District Test Security Plan must address the processes and/or
procedures to be used to ensure that NO personal calculators used by students during a
state assessment administration have any stored formulas, applications, and/or programs.
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LIST OF GRAPHING CALCULATOR PROGRAMS USED ON SATP2 ALGEBRA I
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The following is a list of possible graphing calculator programs that may have been used
by students completing the Algebra I SATP2.
Evaluating Expressions
Combining Like Terms
Distributive Property
Multiplying Binomials
Simplifying a Square Root
Solving Linear Equations and Inequalities
Solving Systems of Linear Equations
Solving Quardratic Equations
Solving Radical Equations
Factoring Polynomials
Writing the Equation of a Line Given Two Points
Writing the Equation of a Line Given a Point and the Slope
Wring the Equation of a Line Parallel/Perpendicular to a Point on a Line
Pythagorean Theorem
Distance Formula
Mid-Point Formula
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ALGEBRA I SATP2 PERFORMANCE LEVEL DESCRIPTORS
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Table C1
Algebra I SATP2 performance level descriptors
Advanced 661-700
Number and Operations: Justify solutions to mathematical situations
involving matrices.
Algebra: Evaluate algebraic and graphical methods used to solve systems
of linear equations and inequalities.
Geometry: Justify solutions of problems that involve interpreting slope as
a rate of change.
Measurement: Justify the representation of polynomial operations with
area models.
Data Analysis and Probability: Justify conclusions and predictions made
from scatter plots.
Proficient 650-660
Number and Operations: Use matrices to solve mathematical situations
and contextual problems.
Algebra: Solve and graph multi-step linear equations and inequalities in
one variable. Solve and graph absolute value equations and inequalities in
one variable. Analyze the relationship between x and y values, determine
whether a relation is a function, and identify domain and range. Explain
and illustrate how a change in one variable may result in a change in
another variable and apply to the relationships between independent and
dependent variables. Graph and analyze linear functions. Use algebraic
and graphical methods to solve systems of linear equations and inequalities
in mathematical and real-world situations. Multiply and divide polynomial
expressions. Factor polynomials by using Greatest Common Factor (GCF)
and factor quadratics that have only rational roots. Justify why some
polynomials are prime over the rational number system. Graph and
analyze absolute value and quadratic functions. Analyze inequalities in
two variables.
Geometry: Apply the concept of slope to determine if lines in a plane are
parallel or perpendicular. Solve problems that involve interpreting slope as
a rate of change.
Measurement: Explain and apply the appropriate formula to determine
length, midpoint, and slope of a segment in a coordinate plane. Represent
polynomial operations with area models.
Data Analysis and Probability: Use linear regression to determine the lineof-best-fit from a given set of data. Draw conclusions and make
predictions from scatter plots.
Basic
642-649
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Table CI Continued

Minimal

Number and Operations: Apply properties of real numbers to simplify
algebraic expressions.
Algebra: Check multi-step linear inequalities in one variable. Write and
graph inequalities in two variables. Add and subtract polynomial
expressions. Determine the solutions to quadratic equations.
Measurement: Solve real world problems involving formulas for
perimeter, area, distance and rate.
600-641
Inconsistently demonstrate the knowledge or skills that define basic level
performance.
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RESEARCH QUESTION ONE: SPSS OUTPUT
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Table D1
Case processing summary

GCP * AlgI

Valid
N
Percent
140157
100.0%

Missing
N
Percent
0
0.0%

Total
N
Percent
140157
100.0%

Table D2
Graphing calculator program*Algebra I SATP2 crosstabulation

GCP

Total

With

Count
Expected Count
Without Count
Expected Count
Count
Expected Count

Algebra I SATP2
Fail
Pass
12385
58231
11860.3
58755.7
11155
58386
11679.7
57861.3
23540
116617
23540.0 116617.0

Total
70616
70616.0
69541
69541.0
140157
140157.0

Table D3
Chi-square tests

Value
56.233a
56.126
56.259

Asymptotic
Significance
df
(2-sided)
1
.000
1
.000
1
.000

Exact Sig.
(2-sided)

Exact Sig. (1sided)

Pearson Chi-Square
Continuity Correctionb
Likelihood Ratio
Fisher's Exact Test
.000
.000
N of Valid Cases
140157
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is
11679.72.
b. Computed only for a 2x2 table
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Table E1
Case processing summary
Cases
Valid
N
GCP * PL

140157

Missing
Percent

N

100.0%

Total

Percent
0

0.0%

N

Percent

140157

100.0%

Table E2
Graphing calculator program*proficiency level crosstabulation

GCP

Total

With

Count
Expected
Without Count
Expected
Count
Expected

Adv
22031
21679.0
20997
21349.0
43028
43028.0

Proficiency Level
Basic
Min
11916
6780
11469.3
6069.7
10848
5267
11294.7
5977.3
22764
12047
22764.0 12047.0

Prof
29889
31398.0
32429
30920.0
62318
62318.0

Total
70616
70616.0
69541
69541.0
140157
140157.0

Table E3
Chi-square tests
Asymptotic
Significance
(2-sided)
3
.000
3
.000

Value
df
a
Pearson Chi-Square 360.277
Likelihood Ratio
360.808
N of Valid Cases
140157
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is
5977.30.
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Figure F1.

Regular schools, no transformation with outliers and with programs.

Figure F2.

Regular schools, no transformation with outliers and without programs.
114

Figure F3.

Title I schools, no transformation with outliers and with programs.

Figure F4.

Title I schools, no transformation with outliers and without programs.
115

Figure F5.
programs.

Regular schools, square root transformation with outliers and with

Figure F6.
programs.

Regular schools, square root transformation with outliers and without

116

Figure F7.
programs.

Title I schools, square root transformation with outliers and with

Figure F8.
programs.

Title I schools, square root transformation with outliers and without
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Figure F9.

Regular schools, log 10 transformation with outliers and with programs.

Figure F10.
programs.

Regular schools, log 10 transformation with outliers and without

118

Figure F11.

Title I schools, log 10 transformation with outliers and with programs.

Figure F12.

Title I schools, log 10 transformation with outliers and without programs.
119

Figure F13.

Regular schools, inverse transformation with outliers and with programs.

Figure F14.
programs.

Regular schools, inverse transformation with outliers and without
120

Figure F15.

Title I schools, inverse transformation with outliers and with programs.

Figure F16.

Title I schools, inverse transformation with outliers and without programs.
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Figure F17.

Regular schools, no transformation without outliers and with programs.

Figure F18.

Regular schools, no transformation without outliers and without programs.
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Figure F19.

Title I schools, no transformation without outliers and with programs.

Figure F20.

Title I schools, no transformation without outliers and without programs.
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Figure F21.
programs.

Regular schools, square root transformation without outliers and with

Figure F22.
programs.

Regular schools, square root transformation without outliers and without

124

Figure F23.
programs.

Title I schools, square root transformation without outliers and with

Figure F24.
programs.

Title I schools, square root transformation without outliers and without

125

Figure F25.

Regular schools, log 10 transformation without outliers and with programs

Figure F26.
programs.

Regular schools, log 10 transformation without outliers and without
126

Figure F27.

Title I schools, log 10 transformation without outliers and with programs.

Figure F28.
programs.

Title I schools, log 10 transformation without outliers and without
127

Figure F29.
programs.

Regular schools, inverse transformation without outliers and with

Figure F30.
programs.

Regular schools, inverse transformation without outliers and without

128

Figure F31.

Title I schools, inverse transformation without outliers and with programs.

Figure F32.
programs.

Title I schools, inverse transformation without outliers and without

129
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Table G1

Case processing summary

Group
With
Regular
Title
Without Regular
Title

Table G2

Valid
N
Percent
198
100.0%
312
100.0%
198
100.0%
312
100.0%

Cases
Missing
N
Percent
0
0.0%
0
0.0%
0
0.0%
0
0.0%

Tests of normality

Kolmogorov-Smirnova
Group
Statistic
df
Sig.
With
Regular
.088
198
.001
Title
.058
312
.014
Without Regular
.084
198
.002
Title
.084
312
.000
a. Lilliefors Significance Correction
Table G3

N
198
312
198
312

Total
Percent
100.0%
100.0%
100.0%
100.0%

Shapiro-Wilk
Statistic
df
.976
198
.946
312
.976
198
.968
312

Descriptive statistics

Group
With
Regular
Title
Total
Without Regular
Title
Total

Mean
Std. Deviation
659.923
6.6172
655.927
7.5256
657.479
7.4399
659.334
6.2315
655.908
5.4660
657.238
6.0064
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N
198
312
510
198
312
510

Sig.
.002
.000
.002
.000

Table G4

Box’s test of equality of covariance matrices

Box's M
27.963
F
9.278
df1
3
df2
7898005.551
Sig.
.000
Tests the null hypothesis that the observed covariance matrices of the dependent variables
are equal across groups.
a. Design: Intercept + Group Within Subjects Design: Program
Table G5

Effect
Program

Multivariate tests

Value
F
.004 2.074b
.996 2.074b

Hypothesis
df
Error df Sig.
1.000 508.000 .150
1.000 508.000 .150

Partial Eta
Squared
.004
.004

.150

.004

.150

.004

.177
.177

.004
.004

.177

.004

.177

.004

Pillai's Trace
Wilks'
Lambda
Hotelling's
.004 2.074b
1.000 508.000
Trace
Roy's Largest
.004 2.074b
1.000 508.000
Root
Program *
Pillai's Trace
.004 1.825b
1.000 508.000
b
Group
Wilks'
.996 1.825
1.000 508.000
Lambda
Hotelling's
.004 1.825b
1.000 508.000
Trace
Roy's Largest
.004 1.825b
1.000 508.000
Root
a. Design: Intercept + Group Within Subjects Design: Program
b. Exact statistic
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Table G6

Mauchly’s test of sphercicity

Within
Approx.
Epsilonb
Subjects
Mauchly's
ChiGreenhouse- HuynhLowerEffect
W
Square
df Sig.
Geisser
Feldt
bound
Program
1.000
.000
0
.
1.000
1.000
1.000
Tests the null hypothesis that the error covariance matrix of the orthonormalized
transformed dependent variables is proportional to an identity matrix.
a. Design: Intercept + Group Within Subjects Design: Program
b. May be used to adjust the degrees of freedom for the averaged tests of significance.
Corrected tests are displayed in the Tests of Within-Subjects Effects table.
Table G7

Source
Program

Test of within-subjects effects

Sphericity
Assumed
GreenhouseGeisser
Huynh-Feldt
Lower-bound
Program *
Sphericity
Group
Assumed
GreenhouseGeisser
Huynh-Feldt
Lower-bound
Error(Program) Sphericity
Assumed
GreenhouseGeisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
22.411

Partial
Mean
Eta
df
Square
F Sig. Squared
1 22.411 2.074 .150
.004

22.411

1.000

22.411 2.074 .150

.004

22.411
22.411
19.711

1.000
1.000
1

22.411 2.074 .150
22.411 2.074 .150
19.711 1.825 .177

.004
.004
.004

19.711

1.000

19.711 1.825 .177

.004

19.711
19.711
5488.053

1.000
1.000
508

19.711 1.825 .177
19.711 1.825 .177
10.803

.004
.004

5488.053 508.000

10.803

5488.053 508.000
5488.053 508.000

10.803
10.803
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Table G8

Tests of within-subjects contrasts

Source
Program
Program * Group
Error(Program)

Table G9

Type III Sum
of Squares
df
22.411
1
19.711
1
5488.053 508

Program
Linear
Linear
Linear

Mean
Square
22.411
19.711
10.803

Partial Eta
F
Sig. Squared
2.074 .150
.004
1.825 .177
.004

Levene’s test of equality of error variances
F

df2
Sig.
With
.930
1
508
.335
Without
4.356
1
508
.037
Tests the null hypothesis that the error variance of the dependent variable is equal across
groups.
a. Design: Intercept + Group Within Subjects Design: Program
Table G10

Source
Intercept
Group
Error

Table G11

Group
Regular
Title

df1

Tests of between-subjects effects
Type III Sum
of Squares
419268171.60
0
3335.817
37693.300

df

Mean Square
1 419268171.600

1
508

Partial Eta
F
Sig.
Squared
5650559.399 .000
1.000

3335.817
74.199

44.957

Estimated marginal means group estimates
95% Confidence Interval
Mean
Std. Error Lower Bound Upper Bound
659.629
.433
658.778
660.479
655.918
.345
655.240
656.595
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.000

.081

Table G12

Estimated marginal means group pairwise comparisons

Mean
95% Confidence Interval for
Difference (I- Std.
Differenceb
(I) Group (J) Group
J)
Error Sig.b Lower Bound Upper Bound
Regular
Title
3.711* .553 .000
2.623
4.798
*
Title
Regular
-3.711
.553 .000
-4.798
-2.623
Based on estimated marginal means *.
a. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.
Table G13

Estimated marginal means group univariate tests

Sum of
Mean
Partial Eta
Squares
df
Square
F
Sig.
Squared
Contrast
1667.909
1
1667.909 44.957
.000
.081
Error
18846.650 508
37.100
The F tests the effect of Group. This test is based on the linearly independent pairwise
comparisons among the estimated marginal means.
Table G14

Estimated marginal means program estimates

Program
1
2

95% Confidence Interval
Mean
Std. Error Lower Bound Upper Bound
657.925
.327
657.284
658.567
657.621
.262
657.106
658.137

Table G15

Estimated marginal means program pairwise comparisons
95% Confidence Interval for
Std.
Differencea
Error Sig.a Lower Bound Upper Bound
.211 .150
-.111
.719
.211 .150
-.719
.111

(I)
(J)
Mean Difference
Program Program
(I-J)
1
2
.304
2
1
-.304
Based on estimated marginal means
a. Adjustment for multiple comparisons: Bonferroni.
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Table G16

Estimated marginal means program multivariate tests

Value
F
Hypothesis df Error df Sig. Partial Eta Squared
a
Pillai's trace
.004 2.074
1.000 508.000 .150
.004
a
Wilks' lambda
.996 2.074
1.000 508.000 .150
.004
a
Hotelling's trace
.004 2.074
1.000 508.000 .150
.004
a
Roy's largest root .004 2.074
1.000 508.000 .150
.004
Each F tests the multivariate effect of Program. These tests are based on the linearly
independent pairwise comparisons among the estimated marginal means.
a. Exact statistic
Table G17

Group
Regular
Title

Estimated marginal means group*program

Program
1
2
1
2

Mean
Std. Error
659.923
.511
659.334
.410
655.927
.407
655.908
.327
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95% Confidence Interval
Lower Bound Upper Bound
658.920
660.927
658.528
660.140
655.128
656.727
655.266
656.551
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Table H1

Case processing summary
Cases
Valid
Group

Log10With
Log10Without

Table H2

N

Missing

Percent

N

Total

Percent

N

Regular

198

100.0%

0

0.0%

198

100.0%

Title

312

100.0%

0

0.0%

312

100.0%

Regular

198

100.0%

0

0.0%

198

100.0%

Title

312

100.0%

0

0.0%

312

100.0%

Tests of normality
Kolmogorov-Smirnova
Group

Log10With
Log10Without

Statistic

Log10Without

Sig.

Statistic

df

Sig.

.086

198

.001

.978

198

.003

Title

.058

312

.012

.941

312

.000

Regular

.082

198

.002

.977

198

.002

Title

.083

312

.000

.970

312

.000

Descriptive statistics
Group

Log10With

df

Shapiro-Wilk

Regular

a. Lilliefors Significance Correction
Table H3

Percent

Mean

Std. Deviation

N

Regular

2.8195

.00435

198

Title

2.8168

.00500

312

Total

2.8179

.00493

510

Regular

2.8191

.00410

198

Title

2.8168

.00361

312

Total

2.8177

.00396

510
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Table H4

Box’s test of equality of covariance matrices

Box's M

29.893

F

9.919

df1

3

df2

7898005.551

Sig.

.000

Tests the null hypothesis that the observed covariance matrices of the dependent variables
are equal across groups.
a. Design: Intercept + Group Within Subjects Design: program
Table H5

Multivariate tests
Partial
Hypothesis

Effect
program

Value
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

program * Group

Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

F

df

Error df

Squared

.004

1.000

508.000

.173

.004

.996

1.865b

1.000

508.000

.173

.004

.004

1.865b

1.000

508.000

.173

.004

.004

1.865b

1.000

508.000

.173

.004

.004

1.888b

1.000

508.000

.170

.004

.996

1.888b

1.000

508.000

.170

.004

.004

1.888

b

1.000

508.000

.170

.004

.004

1.888b

1.000

508.000

.170

.004

Mauchly’s test of sphericity
Approx.

Epsilonb

ChiWithin Subjects Effect
program

Sig.

1.865b

a. Design: Intercept + Group Within Subjects Design: program
b. Exact statistic
Table H6

Eta

Mauchly's W
1.000

Square

df

.000

Sig.
0

.

Greenhouse-

Huynh-

Lower-

Geisser

Feldt

bound

1.000

1.000

1.000

Tests the null hypothesis that the error covariance matrix of the orthonormalized
transformed dependent variables is proportional to an identity matrix.
a. Design: Intercept + Group Within Subjects Design: program
b. May be used to adjust the degrees of freedom for the averaged tests of significance.
Corrected tests are displayed in the Tests of Within-Subjects Effects table.
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Table H7

Tests of within-subjects effects
Type III

Partial

Sum of
Source
program

Mean

Squares

df

Square

Eta
F

Sig.

Squared

Sphericity Assumed

8.954E-6

1 8.954E-6

1.865

.173

.004

Greenhouse-

8.954E-6

1.000 8.954E-6

1.865

.173

.004

Huynh-Feldt

8.954E-6

1.000 8.954E-6

1.865

.173

.004

Lower-bound

8.954E-6

1.000 8.954E-6

1.865

.173

.004

program *

Sphericity Assumed

9.061E-6

1 9.061E-6

1.888

.170

.004

Group

Greenhouse-

9.061E-6

1.000 9.061E-6

1.888

.170

.004

Huynh-Feldt

9.061E-6

1.000 9.061E-6

1.888

.170

.004

Lower-bound

9.061E-6

1.000 9.061E-6

1.888

.170

.004

Sphericity Assumed

.002

508 4.800E-6

Greenhouse-

.002

508.000 4.800E-6

Huynh-Feldt

.002

508.000 4.800E-6

Lower-bound

.002

508.000 4.800E-6

Geisser

Geisser

Error(program)

Geisser

Table H8

Tests of within-subjects contrast
Partial
Type III Sum of

Source

program

program

Linear

8.954E-6

program * Group

Linear

Error(program)

Linear

Table H9

Squares

Mean
df

Eta

Square

F

Sig.

Squared

1

8.954E-6

1.865

.173

.004

9.061E-6

1

9.061E-6

1.888

.170

.004

.002

508

4.800E-6

Levene’s test of equality of error variances
F

df1

df2

Sig.

Log10With

1.103

1

508

.294

Log10Without

4.079

1

508

.044

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.
a. Design: Intercept + Group Within Subjects Design: program
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Table H10

Tests of between-subjects effects
Type III Sum of

Source

Partial Eta

Squares

Intercept

df

Mean Square

F

Sig.

Squared

7695.520

1

7695.520

238041898.700

.000

1.000

Group

.001

1

.001

45.030

.000

.081

Error

.016

508

3.233E-5

Table H11

Estimated marginal means group estimates
95% Confidence Interval

Group

Mean

Std. Error

Lower Bound

Upper Bound

Regular

2.819

.000

2.819

2.820

Title

2.817

.000

2.816

2.817

Table H12

Estimated marginal means group pairwise comparison
Mean

(I) Group
Regular
Title

(J) Group

95% Confidence Interval for

Difference

Std.

(I-J)

Error

Title
Regular

Differenceb
Sig.b

Lower Bound

.000

.000

.002

.003

-.002*

.000

.000

-.003

-.002

Based on estimated marginal means
a. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.
Table H13

Upper Bound

.002*

Estimated marginal means group univariate tests
Sum of
Squares

Partial Eta
df

Mean Square

Contrast

.001

1

.001

Error

.008

508

1.616E-5

F
45.030

Sig.
.000

Squared
.081

The F tests the effect of Group. This test is based on the linearly independent pairwise
comparisons among the estimated marginal means.
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Estimated marginal means program estimates

Table H14

95% Confidence Interval
program

Mean

Std. Error

Lower Bound

Upper Bound

1

2.818

.000

2.818

2.819

2

2.818

.000

2.818

2.818

Estimated marginal means program pairwise comparisons

Table H15

95% Confidence Interval for Differencea
(I) program (J) program Mean Difference (I-J) Std. Error Sig.a

Lower Bound

Upper Bound

1

2

.000

.000 .173

-8.430E-5

.000

2

1

.000

.000 .173

.000

8.430E-5

Based on estimated marginal means
a. Adjustment for multiple comparisons: Bonferroni.

Estimated marginal means program multivariate tests

Table H16

Value
Pillai's trace
Wilks' lambda
Hotelling's trace
Roy's largest root

F

Hypothesis df Error df Sig. Partial Eta Squared

.004

1.865a

1.000 508.000 .173

.004

.996

1.865a

1.000 508.000 .173

.004

.004

1.865a

1.000 508.000 .173

.004

.004

1.865a

1.000 508.000 .173

.004

Each F tests the multivariate effect of program. These tests are based on the linearly
independent pairwise comparisons among the estimated marginal means.
a. Exact statistic
Estimated marginal means group*program

Table H17

95% Confidence Interval
Group

program

Regular

1

2.819

.000

2.819

2.820

2

2.819

.000

2.819

2.820

1

2.817

.000

2.816

2.817

2

2.817

.000

2.816

2.817

Title

Mean

Std. Error
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Lower Bound

Upper Bound
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